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(57) Abstract 

A method for selectmg novel proteins such as growth 
hormone and antibody fragment variants having altered bind- 
ing properties for their respective receptor molecules is pro- 
vided. The method comprises fusing a gene encoding a protein 
of interest to the carboxy terminal domain of the gene III coat 
protein of the filamentous phage Ml 3. The gene fusion is mu- 
tated to form a library of structurally related fusion proteins 
that are expressed in low quantity on the surface of a phagem- 
id particle. Biological selection and screening are employed to 
identify novel ligands useful as drug candidates. Disclosed are 
preferred phagemid expression vectors and selected human 
growth hormone variants. 
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ENRiCHMB^ MEmOO FOR VARtAKT PROTEINS WTTH ALTERED BINDING PROPERTIES 

RELDOFTHE INVENTION 

5 This invention relates to the preparation and systematic selection of novel binding proteins having 

altered binding properties for a target molecule. Specifically, this invention relates to methods for producing 
foreign polypeptides mimicking the binding activity of naturally oocunring binding partners. In preferred 
embodiments, the Invention is directed to the preparation of therapeutic or diagnostic compounds that mbnic 
proteins or nonpeplidyl molecules such a homiones, dnjgs and other smal molectJes, particularly tdologically active 
10 molecules such as growth hormone. 

BACKGROUND OFTHE INVENHON 

Binding partners are substances that spedficaBy bind to one another, usually through noncovalent 
Interactions. Examples of bindng partners include Egand-receptor, antibody-antigen, drug*target, and enzyme- 
substrate interactions. Binding partners are extremely useful in both therapeutic and diagnostic fields. 

1 5 Binding partners have been produced in the past by a variety of methods hduding; han^sUng them 

from nature (e.g., antibody-antigen, and ligand-receptor pairings) and by adventitious identificalion (e^. 
tradlttonal dnig development employing random screening of candidate molecules). In some instances these two 
approaches have been combined. For example, variants of proteins or polypeptides, such as polypeptide 
fragments, have been made that contabi key functtonal residues that participate In bincfing. These polypeptide 

2 0 fragments, in turn, have been derivatlzed by methods akin to traditional dmg development An example of such 
denvHizatton wouU mclude strategies such as cycGzation to oonfbrmattonally constrain a polypeptide fragment to 
produce a novel candidate binding partner. 

The problem with prior art methods is that naturally occurring llgands may not have proper 
characteristics for all therapeutk: applications. Adcfittonally. polypeptide ligands may not even be available for 

25 some target substances. Furthemiore, methods for making non*naturaliy occurring synthetic binding partners 
are often expensive and difficult, usually requiring complex synthetk: methods to produce each candidate. The 
inability to characterize the stmcture of the resulting candidate so that rational dnjg design methods can be 
applied for further optimizatk>n of candidate molecules further hampers these methods. 

In an attempt to overcome these problems, Geysen (Geysen, Immun. Today. 6 :364-369 [1985]); and 

30 (Geysen etai, Mol. Immun.. 23:709-715 [1986]) has proposed the use of polypeptide synthesis to provkle a 
frameworic for systematk: iterative binding partner identificatton and preparation. According to Geysen etal., 
Ibid, short polypeptides, such as dipeptkJes, are first screened for the abiOty to bind to a target molecule. The 
most active dipeptides are then selected for an additional round of testing comprising Gnking, to the starting 
dipeptlde, an additionai residue (or by internally modifying the components of the original starting dipeptide) and 

35 then screening this set of candklates for the desired activity. This process is reiterated until the binding partner 
having the desired properties is MenUfied. 

The Geysen etal. method suffers from the disadvantage that the chemistry upon which it is based, 
peptide synthesis, produces molecules with ill-defined or variable secondary and tertiary structure. As rounds of 
Iterative selection progress, random Interacffons accelerate among the various substituent groups of the 

40 polypeptkie so that a tme random populatton of interactive molecules having reproducible higher order structure 
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becomes less and less aila&Bbte. For example, interacfions between side chains of amino acids, vrfiich are 
sequentially widely separated but which are spatially neighbors, freely occur. Furthermore, sequences that do not 
facilitate confbrmationally stable secondary stnjctures provide complex peplide^dechaln interaclions which may 
prevent sidechain interactions of a given amino acid with the target molecule. Such complex interactiorB are 
5 facflitated by the flexibinty of the polyamidebacl<bone of the polypeptide candlda^^^ Additionally, candidates 
may exist in numerous confbmiations maldng it ditficull to Identify the cortbrmer that interacts or binds to the 
target with greatest affinity or specificity complicating rational dnjg design, 

A final problem with the lleratrve polypeptide method of Geysen is that, at present, there are no 
practical methods with which a great diversity of different peptides can be produced, screened and analyzed. By 
1 0 using thetwenty naturally occurring amino acfd8,lhBlolai ramber of all comMnati^ 

be synlheslied 1864.000,000. Evenhavir^ prepared such adiverelty of peptides, there are no methods available 
with which mixtures of such adiverelty of peptides can be rapidly screened to select those peptides having a Wgh 
aflini^ for the target molecule. At present, each "adherenr peptide must te recovered in amounts large enough 

to cany out protein sequencing. 
t5 Tooverco(neroanyoflheprohlaraslnh8rentintheGeysenapproach,biologicaiselectionan^ 

was chosen as an alternative. Biological selections and screens are powerful tools to prebe protein funcf on and to 
Isolate variant proteins with desirable properties (Shortle, PfOtBln EnglnWfing. Oxender and Fox. eds., A.R. Liss. 
Inc, NY, pp. 103-108 [1988]) and Bowie el a/., ScifiDca. 247^306-1310 [1990)1. However, a given selection or 
screen is applicat)ie to only one or a small number of related proteins. 

20 Recently, Smith andcoworkere (Smith, Scignca. 228: 1315-1317 (1985)) and Pannley and Smith, figng. 

73505-318 11985I have demonstrated that small protein fragments (10-50 amino adds) can be "displayed" 
efiicientiy on the surface of filamentous phage by inserting short gene fragments into gene III of the Id phage 
("fusion phage"). The gene III minor coat protein (present In about 5 copies at one end of the virion) is important 
for proper phage assembly and for infection by attachment to the pili of £ coB (see Rasched etal. , UiSIQbiflL 

25 BSJL 50: 401-427 [1986D. Recently, "fu^on phage" have been shown to be useful for displaying short mutated 
peptide sequences for identifying peptides that may react with antibodies (Scott et al^ Science 249: 386-390, 
[1990] )and Cwiria Prnr. Natl. Acad. U.S.A 87; 6378-6382, 11990D.or a foreign protein (Devfin ef a/. 
Science. 249: 404-406 [1990]). 

There are. however, several important limitatkjns in using such "fusion phage" to identify altered 

30 peptidesorproteinswithneworenhancedbindingproperties. First, it has been shown (Pannley ef a/, fifioa. 73: 
305-318. [1988]) that fusion phage are useM only for displaying proteins of less than 100 and preferably less 
than 50 amino add residues, because large inserts presumably disrupt the funcfion of gene 111 and therefore phage 
assembly and infectivity. Second, prior art methods have been unable to select pefHIdes from a library having the 
highest binding affinity fora larget molecule. Fbr example, after exhaustive panning of a random peptide nbrary 

35 virtth an anti-p endorphin monodonal anfibody. Cwiria and co-worirere could not separate moderate afiinity 
pepfides (Kd - 10 nM) from higher affinity peptides (K(j -0.4 (iM) fused to phage. Moreover, the parent p- 
endorphin peptide sequence which has very high affinBy (Kd - 7nM), was not panned from the epitope library. 

Ladner WO 90/02802 disdoses a method for selecting novel binding proteins displayed on the outer 
sur&ce of «ells and viral partides where it is contemplaled that the heterologous proteins may have up to 1 64 
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amino add residues . Tta method contemplates isolating and ampifying the displayed protehs to engineer a new 
family of binding proteins having desired affinity for a target molecule. More spediically, Ladner discloses a 
fusion phage' displaying preleins having 'initial protein binding domains* ranging from 46 residues (crambin) to 
164 residues (T4 lysozyme) fused to the M13 gene III coat protein. Ladner teaches the use of proteins 'no larger 
5 than necessary" because it is easier to arrange restriction sites in smaler amino add sequences and prefers the 58 
amino add residue bovine pancreatic trypsin inhbitor (BPTI). Small fuston proteins, such as BPTI, are preferred 
when the target is a protein or macromolecule, while larger fusion proteins, such as T4 lysozyme, are preferred for 
small target molecules such as steroids because such large proteins have defte and grooves into which small 
molecules can fit. The preferred protein, BPTI, is proposed to be fused to gene III at the site disdosed by Smith 

10 ef af. or de to Cniz etal., J. BIqI. Cham.. 263: 431 84322 [1988], or to one of the terminii, atong with a second 
synthetic copy of gene III so that 'some' unaltered gene III protein will be present. Ladner does not address the 
problem of successfully panning high affinity peptides from the random peptide library which plagues the 
biological selection and screening methods of the prior art 

Human growth homione (hGH) partidpates in much of the regulation of normal human growth and 

1 5 development. This 22,000 dalton pituitary honnone exhibits a multitude of biological effects induding linear 
growth (somatogenesis), lactation, activation of macrophages, insulinHike and diabetogenic effects among others 
(Chawla, R, K. (1983) Ann. Rev. Med. 34. 519; Edwards. C. K. et al. (1988) Sdence 239. 769; Thomer, M. 0., et al. 
(1988) J. Clin. Invest 81. 745). Growth hormone deficiency in children leads to dwarfism whidi has been 
successfully treated for more than a decade by exogenous administration of hGI^. hGH is a member of a family of 

2 0 homologous homiones that indude placental lactogens, prolactins, and other genetic and spedes variants or growth 
honnone (Nicoll, C. S., etal., (1986) Endocrine Reviews 7. 169). hGH is unusual among these in that it exhibits broad 
species spedfidty and binds to either the doned somatogenic (Leung, D. W., etal., (1987] Nature 330. 537) or 
prolactin receptor (Boutin, J. M.,e/ ai, [1988] Qsi S3. 69). The doned gene tor hGH has been expressed in a 
secreted torn in Escherichia afi (Chang, C. N., et af., P987] Gene gg, 189) and ite DNA and amino acid sequence has 

25 been reported (Goeddel, et a/., P979] Nature 281. 544; Grey, e/a/., p985] QsDS.^ 247). The three-dimensional 
stnjcture of hGH is not available. However, he threeKiimensional folding pattern tor poroine growth hormone 
(pGH) has been reported at moderate resolution and refinement (Abdel-Meguid, S. S., et a/., P987] Proc. Natl. 
Acad. Sci. USA 84. 6434). Human growth honnone's receptor and antibody epitopes have been identified by 
homolog-scanrring mutegenesis (Cunningham etal.. Science 243; 1330, 1989). The stmcture of novel amino tenninal 

30 methionyl bovine growth honnone containing a spOceitMn sequence of human growth honnone indwfing histidine 18 
and histidine 21 has been shown (U.S. F^nt 4,880,910) 

Human growth honnone (hGH) causes a variety of physiological and metaboEc eftecb in various animal 
models induding linear bone growth, lactetion, activation of macrophages, ir^n-like and diabetogenic effeds and 
othere (R. K. Chawla etal.. Aim. Rev. Med 34. 519 (1983); 0. G. P. Isaksson etaL. Anmi Rev. Pfiysbl. 47, 483 

35 (1985); C. K. Edwards etal., Science 239, 769 (1988); M. 0. Thomer and M. L Vance, J. CHn. InvesL 82, 745 
(1988); J. P. Hughes and H. G. Friesen, Am Rev. Ptt^ol. 47, 469 (1985)). These biological effecte derive from 
the interaction between hGH and spedfic cellular receptors.. 

Accordingly, it is an object of this invention to provide a ra(»d and eftective method for the systematic 
preparation of candidate binding substences. 
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It is another oliject of this irwenfion to prepare candidate binding substances displayed on surtace of a 
phagemid particle that are conformationaliy stable. 

It is another otject of this invention to prepare candidale binding substances comprising fusion proteins 
of a phage coat protein and a heterologous polypeptide where the polypeptide is greater than 100 amino adds in 
5 lengthandmaybemorelhanoneajburilandlsdsplayedonaphagemidpartlclew^^ 

bythephagemklgenome. 

It is a further object of tds invention to provide a method tot the preparation and selection of binding 
substances that is suflia'enlly versaine to present, or display, all peptidyl moiedes that could potentially 
participate In a noncovalent bin(flfig interaction, and to present these moieties in a fashion that is stericaBy 
10 oonShed. 

StBI another object of the invention is the production of grwrth honnone variants that exhibit stronger 
. afRnity for iirowth honnone receptor and binding proiela 

It is yet another (dq'ect of tins invention to produce expresson vector phagendds that COM 

suppressibiB tenninalion codon functionaly kxated between the hetorologous polypeplide and the phage coat 

1 5 protein such that detectable fusion proteii is produced bi a host suppressor cell and only the heterologous 
polypeptide is produced in a non«uppressor host cell 

Rnaly, it is an oliject of Ms invention to produce a phagemid particle that rarely cfisplays morB than one 
copy of candidate binding proteins on the outer surface of the phagemid particle so that efiicient selection of high 
afRrvly tx'nding protons can be achieved. 

20 These and other objects of this invention will be apparent from consideration of ttie invention as a whole. 

SUMMARY OFTHE {NVENTION 
These ofcjectives have been achieved by providing a mettiod for selecting novel birefing polypeptides 
comprising: (a) constrocting a repiicable expression vector comprising a first gene encoding a polypeptide, a 
second gene encoding at least a portion of a natural or wild-type phage coat protein wherein tiie first and second 

25 genes are heterologous, and a transcription regulatory element operaWy linked to ttie first and second genes, 
thereby fonning a gene fusion encoding a fusion protein; (b) muteting the vector at one or more selected positions 
within tiie first gene thereby forming a family of related plasmids; (c) transfbmiing suitable host cells with the 
plasmids; (d) infecting the transfomied host cells witti a helper phage having agene encoding the phage coat 
protein; (e) culturing tiie transfomied infected host cells under concfifions suitable for fonning recomlrfnanl 

3 0 phagemid particles conteining at least a portion of the plasmid and capable of Iransfonning the host, tire 

conditions adjusted so flat no more ttian a minor amount of phagemid particles di^ more tiian one copy of the 
fusion protein on the surface of Bie partide; (0 conteding ttie phagemid partides wiBi a target motecde so that 
at least a portfon of the phagemkJ partides tdnd to the target molecule; and (g) separating the phagemid 
partides that bind from those ttiat do not Preferably, ttie mettwd further comprises iransfonning suibble host 

35 cells with recombinant phsqemid partides that bind to ttie terget molecule and repeating steps (d) through (g) 
one or imra times. 

Additionally, the ntettrad for selecting novel binding proteins where ttie proteins are composed of more 
ttan one subunit is aditeved by seeding novel binding peptides comprising constnicOng a repScable expression 
vector compridng a transcription regulatory element (qjeraWy Dnlad to DNA encoding a protein of interest 
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onlaWng one or more subunits. »i*ierein the D^W enc^ 

encoding at least a portion of a phage coal protein jnutating the DNA encoding the protein of interest at one or 
more selected positions thereby fomiii^ a family of related vectors; transforming suitable host cells with the 
vectors; InfecBng the translbnned host cells with a helper phage having a gene encoding the phage coat protein; 

5 culturhg the translonned Infected host cells under conditions suitable for fonning recombinant phagemid 

particles containing at least a portion of the plasmid and capable of transfonning the host, the conditions adjusted 
80 lhat no more than a minor amount of phagemid particles display more than one copy of the fusion protein on the 
surface of ttie particle; contacting the phagemid particles with a target molecule so that at least a portion of the 
phagemid particles bind to the target molecule; and separating the phagemid particles that bind from those that 

10 donoL 

Preferably in the method of this invention the plasmid is under tight control of the transaiption 
regulatory element, and the culturing conditions are adjusted so that Ihe amount or number of phagemid particles 
disfteying more than one copy of the fusion protein on ttie surface of the particle is less than about 1%. Also 
preferably, amount of phagemid particles displaying more than one copy of the fudon protein is less than 10% the 
1 5 amount of phagemid particles displaying a single copy of the fusion proMa Most preferably the amount Is less 
than 20%. 

Ty;Ncally, in the method of this invention, the expression vector Mdll further contain a secretory signd 
sequences fused to the DNA encoding each subunll of Ihe polypeptide, and ttie transcription regulatory element 
will be a promoter system. Prefened promoter systems are selecled from; Lac Z.Xpl.TAC,T 7 polymerase. 

20 tryptophan, and alkaline phos(^)atase promoters and combinations thereof. 

Also typically, the firet gene will encode a mammalian protein, preferably ttie protein wa be selected 
from: human growH homione(hQH). runettionyl human growth honnone, bovine growth homwne, parattiyroid 
honnone, thyroxine. Insulin A-chain, Insulin &€hain, proinsuin, reiaxin A<hain. reiaxin MrOa, proielaxin, 
glycoprotein homwnes such as follicle sUmulaling honnone(FSH). thyroid stimulating hormone(TSH), and 

25 leutinlzing honnone(LH). glycoprotein honnone receptors, caldtoitin, glucagon, factor VIII, an antibody, Iwg 
sifffactant, urokinase, streptokinase, human tissue^ plasminogen activator (t-PA). bombesin, factor IX, 
thrombin, hemopoietic growth factor, tumor necrosis factor-alpha and -beta. enkephaHnase, human serom albumin, 
mullerian-inhiblting subsiaice. mouse gonadotropin^ssoclated pepfide. a microbial protein, such as 
betalactamase. tissue factor protein, Mtibin. acfivin, vascular endottiellal growtti fador, receptors for honnones 

30 or growth factors; Wegrin, ttirombopolelin, protein A or D, rtwumatoW factors, nerve growth factore such as 
NQF-p, platelet-growttJ factor, transforming growth factors (TGF) such as iGF^alpha and TGF-beta, insuiin- 
like growth factor-l and -II. InsuHn^ike growth factor binding proteins , CIM, DNase, latency associated peptide, 
erythropoietin, osteoinductive factors, interferons such as interferon-alpha. -beta, and -gamma, colony 
stimulating factors (CSFs) such as M-CSF, GM-CSF. and G-CSF, interieuklns (\ls) such as IL-1, IL-2, IL-3. IL- 

35 4. superoxide dismutase; decay accelerating factor, viral antigen, HIV envelope proteins such as GP120, GP140. 
atrial natriiiretfc peptktes A, B or C, immunoglobulins, and fragments of any of the above-listed proteins. 

Preferably the first gene will encode a polypeptide of one or more subunits containing more than about 
100 amino ackJ residues and will be folded to fonn a plurality of rigid secondary stnjctures cfisplaying a plurality 
of amino adds capable of interacting witti the target. Preferably the first gene wiD be mutated at codons 
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corresponding to only the amino adds capaUe of interacling witti the target so that the integrity of the rigid 
secondary structures will be preserved. 

Normally, the method of this Invention will employ a helper phage selected from; M13K07, M13R408, 
M13-VCS, and Phi X 174. The preferred helper phage fs M13K07, and the prefened coat protein is the M13 
5 Phage gene III coatprotetrt The preferred host is Eotf/, and protease defidemstrai EcoL NoveIhGH 
variants selected by the method of the present Invention have been detected. PhagemkJ expresaon vectors were 
constructed that contain a suppressaUe termination codon functionally located between the nucleic adds encoding 
the polypeptide and the phage coat protein. 

BRIEF DESCRIPnON OFTHE H6URES 

1 0 FIGUAE 1. Strategy for displaying large proteirs on the surtece of filamentous phage and enriching for 

altered receptor binding properties. A piasmid. phGH-M13glll was oonslructed that fuses the entire coding 
se^ience of hGH to the carboxyt terminal domain of M13 gene Hi. Transcrfption of the fusion protein is under 
control of the lac promoter/bperator sequence, and secretion is directed by the stil signal sequence. Phagemid 
parfides are produced by infedbn with the 'helper* phage, M13K07, and partides (fispfaying hGH can be 

1 5 enriched try binding to an affinity matrix containing the hGH receptor. The wild-type gene III (derived from the 
M13K07 phage) is diagramed by 4-5 copies of the multiple arrows on the tip of the phage, and the fusion protein 
(derived from the phagemid, phGH-M13glll) is indicated schematically by the folding diagram of hGH repladng 
the arrowhead. 

RGUREZ ImmunobbtofwholephagepartidesshowsthathGHcomigrateswithphage. Phagemid 

20 particles purified in a cesium chloride gradient were loaded into dupGcate weils and electrophoresed through a 1% 
agarose gel in 375 mM Tris, 40 mM glydne pH 9.6 buffer. The gel was soaked in transfer buffer (25 mM Tris, pH 
8.3, 200 mM glydne, 20% methanol) containing 2% SDS and 2% p-mercaptoethanol for 2 hours, then rinsed in 
transfer buffer for 6 hours. The proteins in the gel were then electroblotted onto immobiion membranes 
(Miillpore). The membrane containing one set of samples was stained with Coomassie blue to show the position of 

25 the phage proteins (A). The dupOcate membrane was immuno-stained for hGH by reading the membrane with 
poiydonai rabbit anti-hGH antibodies followed by reacfion with horseradish peroxidase conjugated goat anti- 
rabbS IgG anfibodies (B). Lane 1 contains the M13K07 parent phage and is visible only in the Coomassie blue 
slained membrane since it lacks hGK Lanes 2 and 3 contain separate preparations of the honnone phagemid 
particles which is visible both by Coomassieand hGH immuno-stainftig. The difference in migraSbn distance 

30 between the parent M13K07 phage and honnone phagemid partides reflects the different &e genomes that are 
packaged within (8.7 kb vs. 5.1 kb. respectively}. 

FIGURE 3. Summary diagram of steps in the sefecb'on process for an hGH-phage library randomized at 
oodons 172, 174, 176, and 178. The template molecules, pH0415, containing a uroque Kpnl restricSon site and the 
hGH(Rl78G,liraT) gene was mutagenized as described in the text and etectrofiransfomned into £ coB strain 

35 WJM101 to obtain the initial phagemid library. Library 1. An aliquot (approximately 2%) from Library 1 was used 
(firedly in an Initial sefection round as described in the text to yield Library 1G. Meanwhile, doubfe-stranded DNA 
(dsDNA) was prepared from Library I, digested with restricUon enzyme Kpnl to eliminate template background, 
and elecirotransformed Into WJM101 to ^'eld Library 2. Subsequent rounds of selection (or Kpnl dgestion, 
shaded boxes} followed by phagemid propagation were carried out as indicated by the arrows, according to the 
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procedure described in the text. Four independent clones from Library 46^ and four independent clones from 
Library SG^were sequenced bydideoxy sequencing. All of these dones had the ideniicalDNA sequence, 
corresponding to the hGH mutant (Gb 174 iSer, Phe 176 Tyr). 

HGURE 4. Stnjctuial model of hGH derived from a 2.8 A folding diagram of porcine growth honnone 
5 determined crystallographically. Location of residues in hGH that strongly modulate its binding to the hGH- 
Undng protein are within the shaded drde. Alanine substitutions that cause a greater than tenfold 
reduction(«), a four* to tenfold reduction or increase (O), or a two- to fourfold reduction (•), in binding 
affini^ are indicated. HeOcal wheel projections in the regions of a-he&x reveal their amphipathic quaEty. 
Bladcened, shaded, or nonshaded residues are charged, polar, or nonpoiar, respectively. In heBx-4 the most 

1 0 important residues for mutation are on the hydrophaic face. 

FIGURE 5. Amino acid substitutions at positions 172, 174, 176 and 178 of hGH (The notation, e.g. 
KSYR, denotes hGH mutant 172K/174S/176Y/178R.) found after sequencing a number of clones from rounds 1 
and 3 of the selection process for the pathways indicated (hGH elution; Glycine ebJtion; or Glycine elutfon after 
pre-adsorption). Non-functional sequences (i.e. vector bad^ground, or other prematurely terminated and/or 

1 5 frame-shifted mutants) are shown as 'NP. Functional sequences which contained a non-siient, spurious mutation 
(i.e. outside the set of target residues) are marlced with a Protein sequences which appeared more than once 
among ail the sequenced dones, but with different DNA sequences, are mariced with a T . Protein sequences 
which appeared rnore than once among the sequenced ctones and with the sa^ DIM sequence are marked with a 
Note that after three rounds of selection, 2 different contaminating sequences were found; these dones did 

20. not correspond to cassette mutants, but to previously constmcted hormone phage. The pS0643 contaminant 
corresponds to wild-type hGH-phage (hGH 'KEFR'). The pH0457 contaminant, which dominates the third- 
round glycine-selected pool of phage, corresponds to a previously identified mutent of hGH. 'KSYR.' The 
amplification of these contaminants emphasizes the ability of the honnone-phage selection process to select for 
rarely occurring mutants. The convergence of sequences is also striking In ail three pathways: R or K occurs most 

25 often at positions 172 and 178; Y or F occurs most often at positton 176; and S, T, A, and other residues occur at 
positfon 174. 

FIGURE 6. Sequences from phage selected on hPRLbp4)eads In the presence of ana The notetion is 
as described in Figure. 5. Here, the convergence of sequences is not predidaUe, but there appears to be a bias 
towards hydrophobto sequences under the most stringent (Glydne) selection conditions; L ,W and P residues are 
30 frequently found in this pool. 

FIGURE 7. Sequences from phage setected on hPRLbp-beads in the absence of zinc. The notetion is as 
described in Figure 5. In contrast to the sequences of Figure. 6, these sequences appear more hydrophific. After 
4 rounds of selectton using hGH elutfon, two dones (ANHQ, and TLDT/171 V) domfriate the pool. 

FIGURE& Sequences from phage setected on blank beads. The notalton is as described in After 
35 three rounds of selectfon with glycine elutfon, no siblings were observed and a background tevel of non-functtonal 
sequences remained. 

FIGURE 9. Construction of phagemid fl ori from pH0415. This vector for cassette mutegenesis and 
expressfon of the hGH-gene III fusion protein was constructed as follows. Piasmid pS0643 was constructed by 
ol'igonudeotkte-directed mutegenesis of pS0132, which contains pBR322 and fl origins of replication and 
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expresses an hGH-gene III fusion protein (hGH residues 1-191. Ibliowed by a single Qly residue, fused to Pro-198 
of gene III) under the control of the LMatiQA promoter. Mutagenesis was carried out with Bie oligonucleotide 
5'-GGC-AGC-TGT-GGC-TIC£IAa£GT-Q6C-G6C-GGC-TCT-GQT-3', which introduced a ^ site 
(underlined) and an amlwrstopcodon (TAG) foOowingPhe-ISl ofhGH. 
5 FIGURE m A. Diacram of plas(nidpDH188 insert confaininglhe DMA encoding the lightchain and 

heavy chain (variable and constant domain 1) of the Fab humanized aniBxxty directed to the HER-2 receptor. Vl 
andVHarelhevariableregtonsibrthei(ghtandheavychains,re8pectively. CkistheconstantTegioriofthehuman 
■(appaOghtchain. CHtQi i&the first constant region of the human gamma 1 chain. Both coding regions start wBh 
the bacterial st II signal sequence. B. A schematic dtegram of the entire plasma pOH188 conlaitdng the insert 
10 described It 5A. After transfbmiation of the plasmid into EooffSRIOl cells and the additiOT 

the plasmid is padaged into phage particles. Some of these pariides dspiay the Fab1> fusion (where p ill is 
the prolem encoded by the ii«13gene llf DMA). The segments in the plasmM figure correspond to the insert shown 
inSA. 

HGUREIIAtlnughCareGOllecilvelynfeiredtohereasFlgurell. The nucleotide (Seq. IDNo.2^ 
15 se<|uenc80flheDNAenoo(lr««ie4D5FabmoleculBexpressedonthBphagemidsii1a» 

of the li^chain is also dwwn (Seq. ID ^to. 26), as is Ihe aininoacU sequence of the heavy c^ 

No. 27). 

RGURE12. Enrichment of wild^ype4D5 Fab phagemid from variant Fab phagemid. Mixtures of wld- 
type phagemid and variant 4D5 Fab phagemid in a ratio of 1 rl .000 were selected on plates coated with the extra- 

20 ceBuIar domain protein of the HER-2 receptor. After each round of selection, a portion of the eluled phagemid 
were mfected into £ coff and plasmid DNA was prepared. This plasmid DNA was then digested with £oo RV and 
Pst I, separated on a 5% polyacrylamide gel. and stained with elhidium Ircmide. The bands were visualized wider 
UV light The bands due to the wild-type and variant plasmids are marlted vrith arrows. The first round of 
selection was ebjted only underacid conditions; subsequent rounds were eluted with either an add elution (left 

25 side of Rgure) or with a humanized 4D5 antibody wash step prior to acid elution (right side of Figure) using 
methods described hExampteVIIL Three variant 4D5 Fab mofecUes ware made: H91A (amino arid Ifetidihe at 
position 91 on the Vl diain mutated to alanine; hdicated as W lanes In F^), Y49A (amino add IJiro^at 
position 49 on the Vl diain mutated to alanine; Indicated as B' lanes In the Figure), and Y92A (amino add tyrosine 
at position 92 on the Vl diain mutated to atenne; ireficated as "C lanes in the Figure). Amino add position 

30 numbering is according to Kabat et al.,(Sequences otprcH^ oHmmmoto^ fntema, 4th ed., U.S. Depl of 
Health and Human Senrices. PubTe Health Sennce. Nafl. Institute of Health, Belhesda. MD [1987]). 

FIGURE 13. The Scatohardana^s of the RIAaffinl^detemiination described in Experimental 
Protocols is shown here; TheamouritoflabeiedEC^anligenthatisboundisshownonlhex-adswhibtheamount 
that is bound dirided by the amountthatlsfree Isshownonthe y«(ls. The slope of fin Dne incficates ttie Ka:ttte 

35 calculated Kd is 1/Xia. 
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DETAILED DESCRIPTION OFTHE INVENTION 

The foQoMring discus^n will be best understood by referring to Figure 1. In its simplest fonn, the 
method of the instant invention comprises a method for selecling novel Unding polypeptides, such as protein 
ligands, having a desired, usually high, affiryty for a target molecule from a library of structurally related txndng 
5 polypeptides. The Dbra7 of structurally related polypeptides, fused Id a phage coat protein, is prochiced by 
mutagenesis and, pretoraUy, a single copy of each related polypeptide is displayed on the surfoce of a phagemid 
particle containing DNA encoding that polypeptide. These phagemid particles are then contacted with a target 
molecule and those particles having the highest affinity for the target are separated from those of lower affinity. 
The high affinity binders are then amplified by infection of a bacterial host and the competitive bincSng step is 
1 0 repeated. This process is reiterated until polypeptides of the desired affinity are obtained. 

The novel binding polypeptides or ligands produced by the method of this invention are useful per se as 
diagnostics or therapeutics ( eg. agonists or antagonists) used in treatment of biological organisms. Stmctural 
analysis of the selected polypeptides may also be used to facilitate rational dmg design. 

By 'binding polypepfide' as used herein is meant any polypeptide that binds with a selectable affinity to 
1 5 a target molecule. Preferably the polypeptide will be a protein that most preferably contains more than about 
100 amino add residues. Typically the polypeptide will be a hormone or an antibody or a fragment thereof. 

By "high affinity" as used herein is meant an affinity constant (Kd ) of <10'S M and preferably <10'^M 
under physiological conditions. 

By target molecule' as used herein is meant any molecule, not necessarily a protein, for which it is 
20 desirable to produce a ligand. Preferably, however, the target will be a protein and mod preferably the target 
win be a receptor, such as a homione receptor. 

By 'humanized antibody" as used herein is meant an anfibody in which the complementari^-detennlning 
regions (CDRs) of a mouse or other non4njman antibody are grafted onto a human antibody framework. By human 
antibody framework is meant the entire fnjman antibody excluding the CDRs. 

25 I Choice of PolvDMtMes for Disptav on the Surface QfaP^^ 

The first step in the method of this invention is to choose a potypepfide having rigid secondary 
stnjcture exposed to the surface of the polypeptide for display on the surface of a phage. 

By "polypeptide' as used herein is meant any molecule whose expression can be directed by a specific 
DNA sequence. The polypeptides of this invenfion may comprise more than one subunit, where each subuntt is 
30 encoded by a separate DNA sequence. 

By 'rigid secondary stmdure' as used herein is meant any polypeptide segment exhibiting a regular 
repeated strudure such as is found m; a-helices, 3io helices, n-heiices, parallel and anfiparallel p-sheets, and 
reverse turns. Certain 'tan-ordered' structures that lack recogrrizable geometric order are ateo included in the 
definitton of rigM secondary stmcture prevkled they form a domain or "patch' of amino add residues capable of 
35 interaction with a target and that the overall shape of the slmcture is not destroyed by replacement of an amino 
add within the stmcture . It is believed that some nonordered stnjctures are combinations of reverse turns. The 
geometry of these rigid secondary stmctures is wefi defined t)y 4^ and \|r torsfonal angles about the a-carbons of 
the peptide "backbone". 
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Tiie requirement that the secondary structure te exposed to the surface of the polypeptide is to 
provide a domain or 'patch* of amino add residues that can be exposed to and bM with a target molecule. It is 
primarily these amino add residues that are replaced by mutagenesis that form the library* of strecturally 
related (mutanfl birefing polypeptides that are displayed on the surface of the phage and ftwn wWch novel 
5 polypeptide ligands are selected, k^utagenesis or replaoement of amino acid residues directed toward ttw inlerior 
of the polypeptide is generally avoided so that the overall sfeudure of the rigid secondary stnjciune is preserved. 
Some replaceinemof amino acids on the interior region.of the rigid secondary sinicture 
hydrophobic amino add residues, may be tolerated since these conseraafive sub^'ons are urfDcely to distort 

the overall structure of the polypepfide. 
10 Repeated ^8 of "polypeptide' selection are used to select for higher and higher affMtybb^ 

tfiephagemidseleclionofmuitipleafflinoadddiangesMiNdiareseM ftacming^ 

fffst round of phagemid selection, involving a first region or selection of amino adds in the Ogand polypeptide. 

addilionai rounds of phagemid selecfcn to other re^ns oranfno adds of the Pgand polypeplide are conduded. 

The cydes of phagemid selection are repeated unlii ihe desired affinity properties of the Sgand polypeptide are . 

15 adiieved. ToinuslratelMspn)cess,B(ampleVilIphagemidselectionofh6Hwasconctoctedinq^ Inthefiret 
cyde hGHamlno adds 172, 174, 176and 17B were mutated and phagemid seiecled. In a second cyde hGH amino 
adds 167, 171, 1^ and 179 were phagemid seleded. In a thiid (^cle hGH amino adds 10. 14, 18 and 21 were 
phagemid selected. Optimum amino add changesfram a previous cyde may be incorporated into the polypeptide 
before the next^e of seiecfion. For example. hGH amino adds substitution 174 (serine) and 176 (tyrosine) 

20 wereincorporaledtotothehGHbeforethephagemidseiectionofhGHamnoadds167,171, 175and179. 

From the forgoing it wiO be appredated that the amino add residues that fbrni the binding domain of 
the polypepfide will not be sequentially Bnked and may reside on different subunlts of the polypepfide. That is. 
the bintfng domain tracks with the particular secondary stnjcture at the binding site and not the primary 
structure. Thus, generally, mutations will be introduced into codons encoding amino acids within a parficular 

25 secondary structure at sites cfirecled away from the interior of the polypeptide so that they ywll have the 

potential to interact vrith the target. By way of iHustration, Rgure 2 shows the location of residues in hGH that 
are known to strongly modulate its binding to the hGH-bincfing protein (Cunningham ef a/., SdBDCS 247:1461 - 
1465 [1990]). Thus representative sites suitable for mutagenesis would indude reddues 172, 174, 176. and 178 
on heBx-4. as well as residue 64 located in a "non-otdered* secondary stnjcture. 

30 There is no requirement that the polypeptide chosen as a ligand to a target nonnaily bind to that target 

Thus, for example, a glycoprotein homone such as TSH can be chosen as a rigand for the FSH receptor and a 
ISKaiy of mutant TSH molecules are emptoyed in the method of this hwentfon to produce novel drug candkiates. 

This invention thus contemplates any polypepfide that binds to a target motecule. and indudes 
antibodies. Preferred polypeptides are those that have pharmaceutical utility. More preferred poiypeph'des 

35 Indude; a grow* honnone,lnduding human growth hom»ne,des-N^ 

growth honnone;paraliiyrokl honnone; thyroid stimulating hoimons; thyroxine; Insulin MOph insulin B-chaIn; 
proinsuOn;folltele stlnudaiing hormone; caldtorin;leutMzing hormone: glucagon:factor Vill; an artibody; hmg 
sur&Ktant; a plasminogen activator, such as uvokfoase or human tissue^ plasminogen activator (t-PA); 
bombedn; factor IX, thrombin; hemopoietfo growth fector; tumor necrosis factor-^lpha and -beta; enkephalinase; a 
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senxn albumin such as human serum albumin; mullerianHnhibiling substanoe; lelaxin A^chain; relaxin B-chain; 
prorelaxin; mouse gonadotropin-assodaled peptide; a microbial protein, such as betaladamase; tissue factor 
protein; inhibin; actMn; vascubr endothelial growth factor; receptors tor honnones or growth factors; integrin; 
thrombopoietin; protein A or D; rheumatoid factors; nerve growth factor such as NGF-p; platelet-derived growth 
5 factor; fibroblast growth factor such as aFGF and bPGF; epidennai growth factor; transforming growth factor 
(TGF) such as TGR-^pha and TGF-beta; tnsurin-like growth factor-l and -II; insOBn-like growth factor binding 
proteins; CD-4; DNase; latency associated peptide; erythropoietin; osteoinductive factors; an interferon such as 
interferon^lpha, -beta, and -gamma; colony stimulating factors (CSFs), e.g., M-CSF, GM-CSF, and G-CSF; 
interleuldns (11^), e.g.. IL-1, IL-2, IL*3, IL4, etc.; superoxide dismulase; decay accelerating factor; atrial 

1 0 natriuretic peptides A, B or C; ^ral antigen such as, for example, a portion of the HIV envelope; immunogtobulins; 
and fragments of any of the above-iisted polypepfides. In addition, one or more predetermined amino acid 
residues on the polypeptide may be substituted^ inserted, or deleted, for example, to produce products with 
improved biological properties. Further, fragments of these polypeptides, espedaBy bidogicaliy active 
fragments, are included. Yet more preferred polypeptides of this invention are human growth hormone , and 

1 5 atrial naturetic peptides A.' B, and C, endotojdn, subtilisin, trypsin and other serine proteases. 

Still more preferred are polypeptide honnones that can be defined as any amino acid sequence produced 
in a first cell that binds spedficaliy to a receptor on the same cell type (autocrine honnones) or a second cell type 
(non-autocrine) and causes a physiological response characteristic of the receptor-bearing cell. Among such 
polypeptide honnones are cytoidnes, lymphokines, neurotropNc hormones and adenohypophyseal polypeptide 

2 0 hormones such as growth honnone, prolactin, placental lactogen, luteinizing honnone, follicle-stimulating honnone. 
thyrotropin, chorionic gonadotropin, corticotropin, a or ^elanocyte-stimulating honnone, p-lipotropin, 
lipotropin and the endorphins; hypothalmic release-inhibiting honnones such as corfiootropin-reiease factor, 
growth honnone release-inhibiting honnone, growth honnone*release factor, and other polypeptide honnones such 
as atrial natriuretic peptides A, B or C. 

25 L Obtaining a flist G ene fGene 1^ encoding the desiied DOivpeptlde 

The gene encodng the desired polypeptide (i.e^ a polypeptide with a rigid secondary structure) can be 
obtained by mettuxls known in the art (see generally, Sambrook etal. . Mdetajlar Biologv: A Laboratory Manual. 
Cold Spring Hart)or Press, CoU Spring Harbor, New Yoric [1988]). If the sequence of the gene is known, the 
DMA encoding the gene may be chemtoally synthesized (MerrfieU, J- Am. Chem Soc- 85 2149 [1963]). If the 

30 sequenc80flhegeneisnotknown,orifthegenehasnotprevk)uslybeen^^ 

library (made from RNA obtained from a suitable tissue In which the desired gene is expressed) or from a suitable 
genomto DNA library. The gene is then isolated using an appropriate probe. For cDNA fibraries, suitable probes 
include monoclonal or polydonal antibodies (provUed that the cDNA library is an expressk)n library), 
oligonucleotides, and complementary or homok)gous cDNAs or fragments thereof. The probes that may be used to 

35 isolate the gene of interest from genomto DNA libraries Include cDNAs or fragments thereof that encode the same 
or a similar gene, homok)gous genomto DNAs or DNA fragments, and oligonudeotkies. Screerting the cDNA or 
genomto library with the selected probe is conducted using standard procedures as described in chapters 10-12 
of Sambrook etal., svpra. 
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An alternative means to isolating the gene encotfng the protein of Interest is to use polymerase chain 
reaction methodology (PCR) as described in section 14 of Sambrook et aL. supra. TWs method requires the use 
of oligonudeotidBS that wfli hylKidize to the gene of interest; thus, at least some of the DNA sentence for this 
gene roust be iaxwm m order to generate the ongonudeot'dss. 
5 After the gene has been Isolated, it may be Inserted Into a suitable vector (preferably a plasmid) for 

ampHTKation, as described generaDy In Sambraolc etaL, supia. 

V»* several types of wctors are awailabb and may be used to ptacfice Itts Inv^ 
are the preferred vBClora for use hereia as they may be constructed «rtlh relallvB 
10 aroplffied. HasmldvBcloreflenerallyconlainavaife^of components includingpromotere.slgnaIseq^ 

phenotyplc selection genes^ origin of repHcaHon sites, and other necessary components as are hnoum to Ihose of 
ordinary sidll hi the art 

Promoters most commonly used In prokaryotic vectore Include ttie lac Z promoter system, the alkanne 
phosphatase fiba Apromoler, the bacteriophage XPL promoter (a temperature sensitive promoter), the lac 

1 5 promoter (a hybrid iatM promoter that Is regidated the lad repressor), the tryptophan promoter, and fte 
bacteriophage T7 promoter. Fbrgeneral descripltonsof promoters, see secdon 17 of Sambrook et aL supra . 
WhDe these are the most commoi^ used promotere,othersuitable microbial promoters may be used as we«. 

Prelened promolere fbr praefdng this Inventton are those that can be tightly regulated such that 
expressfon of the fusfongene can be controlled. It is believed that the problem that went unrecognized in the 

20 prior art was that display of multiple copies of the fusion protein on the surface of the phagemkJ particle lead to 
multipoint attachment of the phagemid with the target It Is beOeved this effect, referred to as the "chelate 
effect", results in selection of false "high affinity" poiypeptkles when multiple copies of the fusion protem are 
displayed on the phagemid partfcle In close proximity to one another so that the target was "chelated". When 
multipoint attachment occurs, the effective or apparent Kd may be as high as the product of the indivWual Kds 

25 for each copy of the displayed fusfon protein. This effect may be the reason Cwirta and cowori«rs supra were 
unable to separate moderate affinity peptides from tngher affinity peptides. 

It has been discovered that by lightly regulating expresston of the fuston protein so that no more than a 
minor amount. \£. fewer than about 1%. of the phagemid particles contain multiple copies of ttw fuston protein the 
■chelate effect" is overcome altowing proper selecfion of high affirfity poiypeptkles. Thus, depending on the 

30 promoter, culturing conditions of the host are adjusted to maximize the number of phagemkJ partteles containing a 
single copy of the fusion protein and mirftnize the number of phagemid parttoles containing mulh'pie copies of the 
fusion protein. 

Preferred promotara used to practtoe thislnventkm are the lac Z promoter and the fibs A promotar. 
The lac Z promoter is regulated by Ihe lac repressor protein Jac I and thus tianscriplfon of the fc^ 
35 omtroned by manipuiafionof the level of the Jac repressor protdn. By wayof aiustratton. the phagemki containing 
the Jas Z promoter Is grown In a ceO strain that contains a copy of the Jac I repressor gene, a repressor for the 
tecZpromolor. Exemplary cellstralnscontaWngthelacigene hdudeJMIOIandXLI-blue. inthedtemafive. 
ff» hod ceO can be cotransf acted with a plasmui containing both the repressor lac ■ and the ^ Z promoter. 
Occaskxialiy bothof 8ie ^ve techitiques are used s^ultaneously, thatis, phagmide partkdes containing thelacZ 
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promoter are grown in cell Strains containing 1^ 

containing both the Jac Zand lac i genes. Nonnally when one \M8hes to express a gene» to tiietransf^^ 
above one would add an inducer such as isopropylthiogaiacloside (IPTG). In the present invention however, this 
step is omitted to (a) minimize the expression of the gene III fusion protein thereby minimizing the copy number 
5 (i.e. the ntmiber of gene III toions per phagemid number) and to (b) prevent poor or Improper packaging of the 
phagemid caused by inducers such as IPTG even at low concentrations. Typically, when no Inducer is added, the 
nurnber of fusion proteins per phagemid particle is about 0.1 (number of bulk fusion proteins/humber of phagemid 
particles). The most preferred promoter used lo practice this invention is oba A. This promoter is beEeved to be 
regtdated by the level of inorganic phosphate h the cell where the phosphate acts to down-regulate the activity of 

10 the promoter. Thus, tyy depleting cells of phosphate, the activity of the promoter can be increased. The desired 
result is achieved by growing cells in a phosphate enriched medium such as 2YT or LB thereby controlling the 
expression of the gene III fusion. 

One other useful component of vectors used to practice this invention is a signal sequence. This sequence 
is typically tocated immediately 5' to the gene encoding the fusk>n protein, and will thus be transcribed at the amino 

1 5 temiinus of the fuston protein. However, in certain cases, the signal sequence has been demonstrated to be k)cated 
at positions other 5' to the gene encoding the protein to be secreted. This sequence targets the protein to which 
it is attached across the inner membrane of the bacterial cell. The DNA encoding the signal sequence may be 
obtained as a restriction endonudease fragment from any gene encoding a protein that has a signal sequence. 
Suitable prokaryotic signal sequences may be obtained from genes encoding, for example, LamB or OmpF (Wong 

20 et al,, Gene. 68:193 [1983]), MalE, PhoA and other genes. A preferred prokaryotic signal sequence for practicing 
this invention is the £ cot heat-stable enterotoxin II (STII) signal sequence as described by Chang et al. , fisQB. 
55: 189 [1987]. 

Another useful component of the vectors used to practtoe this invention is phenotypic seledkm genes. 
Typical phenotypk: selection genes aro those encoding proteins that confer antUotic resistance upon the host cell. 
25 By way of DIustratton, the ampicillin resistance gene (aoiB), and the tetracycline resistance gene Qfit) are readily 
emptoyed for this purpose. 

Constroction of suitable vectors comprising the aforementtoned components as weD as the gene encoding 
the desired polypeptide (gene 1) are prepared using standard recombinant DNA procedures as described in 
Sambrook efaf. supra, isolated DNA fragments to be combined to forni the vector are cleaved, tailored, and 
30 ligated together in a specific order and orientation to generate the desired vector. 

The DNA is cleaved using the appropriate restriction enzyme or enzymes in a suitable buffer. In general, 
about 0.2-1 )ig of plasmid or DNA fragments is used with about 1-2 units of the appropriate restriction enzyme 
in about 20 mI of buffer solution. Appropriate buffers, DNA concentrations, and incubatnn times and 
temperatures are specified by the manufecturere of the resbtoGon enzymes. Generally, incubatton times of about 
35 one or two hours at ZTC are adequate, although several enzymes require higher temperatures. After incubation, 
the enzymes and other cortaminante are removed by exfractton of the digestton solution with a mixture of phenol 
and cHorofonn. and the DNA is recovered from the aqueous fradton by precipitetion with ethanol. 

To ligate the DNA fragments together to form a functional vector, the ends of the DNA fragments 
must be compatible with each other. In some cases, the ends will be directly compatible after endonudease 
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digeslion. However, it may be necessary to firel convert the sfickyerxte commonly produced by endonuclease 
digestion to blunt ends to mal« them compatible for Ogation. To Hunt the ends, the DNA Is treated in a suitable 
buffer for at least 15 minutes at 15'C with 10 units of of the Ktenow fragment of DMA polymerase I (Wenow) in 
the presence of the four deoxynudeotkfe triphosphalBS. ThB DNA Is then purified by phenokWorofenn 
5 extracGonandethanolpredpliation. 

The deaved DNA firajpents may be size-separated and selected using DNA gel eleclrophoresis. The 
DNA may be elecbophorBsed through either an agarose or a poiyacryiamide matrix. The selection of the matrix 
win depend on the size of the DNA fragments to be separated. After etecbophoresls. the DNA Is extracted from 
the matrix Iv eledroeiution. orjf low4neBng agarose has been used as the matrix. mellino 

10 extracting the DNA from it. as described in sections 6J0^ of Sambrookefa^ supra. 

The DNA fragments that are to be llgated together (previously digested with the appropriate 
restriction enzymes such that the ends of each fragment to be llgated are compabbb} are put in sohdion in about 
equlmolar amounte. The solution wll also contein ATP, Ogase buffer and a Igase such as T4 DNA 
10 units per Oi m9 of DNA. If the DNA ftagment Is to be llgated kite a vector, Ihe vector is at first linearized by 

1 5 colling with the appropriate restriction endonuclea8e(s). The Bnearized vector Is then treated with ailcafine 
phosphatase or calf intestinal phosphatase. The phosphalasing prevente selHigatton of the vector during the 
Ogabonstep. 

After ligation, the vector with the foreign gene now inserted is transfbnned into a suitable host ceD. 
Prokaryotes are the preferred host cells for this Invention. Sultebie piokaryotic host cells Indude £ coli strain 

20 JM101. £ coll K12 strain 294 (ATCC number 31,448), £ coB strain W31 10 (ATCC number 27,325), £ coli 
X1776(ATCC number 31 ,537). E-coB XL-1 Blue (slratagene). and £ coff B; however many olher strains of £ 
CO//, such as HB101 . NM522, NM538. NM539. and many Other species and genera of prokaryotes may be used as 
well. In addition to the £ coB strains listed above, badOi such as Ramiins subtris. ottier enterobacleriaceae such as 
.9aimnmiia tvnhimurium or .«tomma mamasans. and various Pseudomonas spedes may afl be used as hosts. 

25 Transformation of prokaryolic cells is readiiyaocomplished using the caldum Chloride method as 

described in section 1.82 of Sambrooke/a/., su[xa. Altematively, eledroporalran (Neumann ef a/., £MB£LL 
1^41 (1982J) may be used to transfonn these cells. The transfonned cells are selected by ffowth on an 
antiWoljc, commonly letracydine (tet) or ampidBin (amp), to which they are rendered resistenl due to the 
presence of tet and/or amp resistance genes on the vector. 

30 After selection of the transfonned cells, these cells are grovwi In culture and the ptasma DNA (or olher 

vector viflth the foreign gene inserted) is then isolated. PlasraW DNA can be Isolated using methods known In tt» 
art Two suitable methods are the small scate preparation of DNA and the large-scate preparatton of DNA as 
described in sections 1.25-1 J3 of Sambrook etaL. supra. The isotated DNA can be purified by methods known in 
the art such as that described in section 1.40 of Sambrook aaL, supra. This purified plasmid DNA Is then 

35 analyzed by restriction mapping and/br DNA sequendng. DNA sequendng Is generally peribnned by either the 
method of Messing eraf. MHfefe Adds Res- aaos fi98l] orbv the method of Maxam etal. Melh.BKyinQl . . 65: 
499 [1980]. 
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IV. flffpRi"*" 

This invention contemplates fcjsing t» gene enclosing the desired polypeptide (gene 1) to a second gene 
(gene 2) such that a fusion protein is generated during transcription. Gene 2 is typically a coat protein gene of a 
phage, and preferably it is the phage M13 gene III coat protein, or a fragment thereof. Fusion of genes 1 and 2 may 
5 i)e accomplished by inserting gene 2 into a particular site on a plasmid that contains gene 1 , or by hserting gene l 
into a particular site on a plasmid that contains gene 2. 

Insertion of a gene into a plasmid requires that the plasmid be cut at the precise location that the gene is 
to be inserted. Thus, there must be a restriction endonudease site at this location (preferably a unique site such 
that the plasmid wll only be cut at a single location during restriction endonudease digestion). The plasmid is 

1 0 digested, phosphatased, and purified as described above. The gene is then inserted into this linearized plasmid by 
ligating the two DNAs together, ligation can be accomplished if the ends of the plasmid are compatible with the 
ends of the gene to be Inserted. If the restriction enzymes are used to cut the plasmid and isolate the gene to be 
inserted create blunt ends or compatible sticlcy ends, the DNAs can be llgated together directly using a llgase 
such as bacteriophage T4 DNA llgase and incubating the mixture at 16*C for 14 hours in the presence of ATP 

15 and llgase buffer as described in section 1 .68 of Sambrook et al., suqb. If the ends are not compatible, they must 
first be made blunt by using the Klenow fragment of DNA polymerase i or bacteriophage T4 DNA polymerase, 
both of which require the four deoxyribonudeotide triphosphates to fill-in overhanging single-stranded ends of 
the dgested DNA. AltemaSvely, the ends may be blunted using a nuclease such as nuclease SI or mung-bean 
nudease, both of which function by cutting back the overhanging single strands of DNA. The DNA is then 

20 religated using a ligase as described above, in some cases, it may not be possible to blunt the ends of the gene to 
be inserted, as the reading frame of the coding region will be altered. To overcome this preUem, oligonudeotide 
Rnkeremaybeused. The linkere sennas a bridge to connect the plasmid to the gene to be inserted. Iheselinkers 
can be made synthetically as doiMe stranded or single stranded DNA using s^^ Thelinkerehave 
one end that is compatible with the ends of the gene to be inserted; the linkere are first ligated to this gene using 

25 ligation methods described above. The other end of the linkers Is designed to be oompafible with the plasmkl for 
ligation. In desigrting the linkers, care must be taken to not destroy the reading frame of the gene to be inserted 
or the reading frame of the gene contained on the plasmid. In some cases, it may be necessary to design the linkers 
such that they code for part of an amino add, or such that they code for one or mo^ 

Between gene 1 and gene 2, DNA encoding a tenninatkm oodon may be inserted, such tenninatnn oodons 

30 are UAG( amber), UAA (ocher) and UGA (opei). (Microbtotogy, Davis et al. Harper & Row, New York, 1980, 
pages 237, 245-47 and 274). The terminatton codon expressed in a wiU type host cell results in the synthesis of 
the gene 1 protein product without the gene 2 protein attached. However, growth in a suppressor host cell 
results In the synthesis of detecteUe quantities of fused protein. Such suppressor host cells contein a tRNA 
modifiecl to Insert an amho add in the tennination oodon positton of the mRNA ttiereby resulting in productton of 

35 detecHUe amounte of the fuston protein. Such suppressor host cells are well known and described, such as E.coB 
suppressor strain (Bultock et al., BtoTechnlgues 5, 37&379 [1987]). Any accepteble method may be used to 
place such a tennination codon into the mRNA encoding the fusion polypeptide. 

The suppressible codon may be Inserted between the first gene encoding a polypeptide, and a second 
gene encoding at least a portton of a phage coat protein. Altematively, the suppressible tennination oodon may be 
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inserted adjacent to the fusion site by repladng the last amino acid triplet in the polypeptide or the l&st amino 
add In the phage coat prolan. VWien the phagemid containing the suppressible codon is grown in a suppressor 
host cell, it results in the detectable production of a fusion polypeptide cont^ning the polypeptide and the coat 
protein. When the phagemid is grown in a non-suppressorhostceH, the polypeptide is synthesized substantially 
5 without fusion to the phage coat protein due to terminBtion at the Inserted siqipressible triplet encodifjg UAG, 
UAA, or UGA. In the non-suppressor ceB the polypeptide is synthesized and secreted ftom the host cell due to the 
absence of the fused phage coat protein which olheiwise anchored it ID the host cell. 
V. An«>iatifliiftTniaHon> Bf Genel at Selected PPsWQns 

Gene I.encod'oi0f»de^po^fpep6de. may be altered at one or more selected oodons. Anaiieration 

10 is defined as a substitution, deletion, or insertion of one or more oodons in the gene encod'oig the poiypepSde that 
resuns in a Changs in the amino add sequence of the polypeptide as compared with the unaltered or native 
sequence of the same polypepOde. Preferably, the alterations wll be by substitution of at least one amino add 
with any other amino add in one or more legons of the molecule. The ^raSons may be produced be a variety of 
methods known &i the art. These methods indude butare not Mted to oligonudeotide^ated mutagenesis and 

15 cassette mutagenesis. 

OUgonudeotide -nmfiated mutagenesis is preferred method for preparing substitub'on, delefion, and 
insertion vaibntsof gene 1. This technique is well known in the art as described by ZbDer et al. Nudeic Adds Res. 
ja:6487-€504 [19871. Briefly, gene 1 is altered by tiybridzingan oligonudeotide encoding the desired mutation 

20 to a DNA template, where the template is the single-stranded form of the plasmid containing the unaltered or 
native DNA sequence of gene 1. After hybridtzation, a DNA polymerase is used to synthesize an entire second 
complementary strand of the template win thus incoiporate the oiigonudeotide primer, and will code for the 
selected alteratnn in gene 1 . 

Generally, oGgonude(^s of atleast 2S nudeofides in length are used. An opfimal oGgonudeoiide will 

25 have 12 to 15 nudeotides that are completely complementary to the template on either side of the nudeotide(s) 
coding for the mutation. This ensures that the oiigonudeotide wiH hybridize property to the single-stranded DNA 
template mdecule. The digonudeolides are readily synthesized using tedvtiques known In the art such as that 
described by Crea etal. prnn iteti Acad. Sci. USA 75: 5765 [1978]. 

The DNA template can only be generated by those vectors that are either derived from bacteriophage 

3 0 11413 vedors (the commercially available I^l3mpt8 and Ml3mpl9 vedors are suitable), or those vectore that 
contain a single-stranded phage origin of replicalion as described by Viera efa/. Mettl. EnzymoL 153: 3 [1987]. 
Thus, the DNA that is to be mutated muA be inserted into one of these vedore in order to generate single- 
stranded template. Production of the single-stranded template is described in secUons 4.21-4.41 of Sambrook 
etal^ajpra. 

35 To alter the native DNA sequence, the oligonucleotide is hybridized to the single stranded template 

under siit^ hybridzadonoondfions. A DNA polymerizing enzyme. usuaBythe Nenowfragmentof DNA 
polymerase i. is Ihen added to synthesize the oomfdementary strand of 8ie template using the oligo^ 
primer for ^nthesis. A heteroduplex molecule is thus foniied such that one strand of DNA encodes the mutated 
fonn of gene 1 . and the other strand (the origM ten^ilate) encodes the native, unaltered sequence of gene 1 . 
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This heteroduplex molecule is then transformed into a suitable host cell, usually a prokaryote such as £ Coll 
JM101. After growing the cells, they are plated onto agarose plates and screened using the oligonucleotide primer 
ra(fiolat)elled with 32-Phosphate to identify the bacterial colonies that contain the mutated DNA. 

The method described immedialBly above may be modified such that a homocbjptex molecule is created 
5 wherein both strands of the plasmid contain the mutalion(s). The modifications are as follows: The ^le- 
stranded oligonucleotide Is annealed to the single-stranded template as described above. A mixture of three 
deoxyribonudeotidest deoxyriboadenosine (dATP), deoxyrfboguanoslne (dGTP), and deoxyribothymidine (dTTP), 
is combined with a modified thioHteoxyribocytosine called dCTP-(aS) (which can be obtained from Amersham). 
This mixture is added to the template-digonucleotide complex. Upon addition of DNA polymerase to this mixture. 

10 a strand of DNA identical to the template except for the mutated bases is generated. In addition, this new strand 
of DNA will contain dCTP-(aS) instead of dCTP, which serves to protect it from restriction endonudease 
digestion. After the template strand of the double-stranded heteroduplex Is nicked ^th an appropriate 
restriction enzyme, the template strand can be digested with Exolli nuclease or another appropriate nuclease past 
the region that contains the site(s) to be mutagenized. The reactton is then stopped to leave a molecule that is 

1 5 only partially single-stranded. A complete double-stranded DNA homoduplex is then formed using DNA 

polymerase In the presence of all four deoxyribonucleotide triphosphates, ATP, and DNA ligase. This homoduplex 
molecule can then be transformed into a suitable host cell such as £ coO JM101 , as described above. 

Mutants with more than one amino add to be substituted may be generated in one of several ways. If the 
amino adds are kxated dose together in the pdypeptkie chain, they may be mutated simultaneously using one 

2 0 oligonudeotide that codes for all of the desired amino add substitutions. If, however, the amino adds are located 
some distance from each other (separated by more than about ten amino adds), it is more difficult to generate a 
single oltgonucleotkie that encodes all of the desired changes. Instead, one of two alternative methods may be 
emptoyed. 

in the first method, a separate oBgonudeotkte is generated for each amino add to be substituted. The 
25 oligomideotides are then annealed to the single-slranded template DNA simultaneously, and the second strand of 
DNA that Is synthesized from the template wll encode all of the desired amino add substitutions. The alternative 
method involves two or more rounds of mutegeneds to produce the desffedmut^ The first round is as 
described for the single mutante: wiU-type DNA is used for the template, an oOgonudeotkte encoding the first 
desired amino add 8ub5tltutk)n(s) is annealed to this template, and the heteroduptex DNA molecule Is then 
30 generated. The second round of mutagenesis utilizes the mubted DNA produced in the first round of 

mutagenesis as the template. Thus, this template already contains one or more mutattons. The oligonudeotide 
encodng the addittonal desired amino acU subslitulion(s) is then annealed to this template, and the resulting 
strand of DNA now encodes mutations from both the first and second rounds of mutagenesis. TMs resultant DNA 
can be used as a temptate in a thffd round of mutagenesis, and so on. 
35 B. Cassette Mutagenesis 

This method is also a preferred method for preparing substitution, deletion, and insertbn variants of 
genet. The method is based on that described by Wells ef a/. Ia£D& 34:315 [1985].. The starting material is the 
plasmid (or other vector) comprising gene 1 , the gene to be mutated. The codon(s) in gene 1 to be mutated are 
identified. There must be a unk]ue restriction endonudease site on each side of the kJenfified mutation site(s). If 
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no such tBStriction sites exist, they may l» generated using the above^Jescritjed oligonucle(^lide^ne(fial8d 
mutageneas method to introduce them at appropriate locations in gene 1. After the restriction §iBS have tieen 
introduced into the plasmid. the plasmid is cut at these sites to linearize It A doubte-slranded oligonucieolide 
encoding ttie sequence of the DMA between the resiricSon sles i)utooi«aMng the desiied mutaltor^s) is 
5 synthesized using standard procedures, llie two strenfs are qmthedzed separately and then hytiridized 
together using standaid techniques. THsdoubte^trandedoBgonucieolide Is refwred to as the cassette. TTds 
cassetteis designedto have 3* and S'ends that are oompatiblewith the ends of the linearized 
can be directly iigated to the plasmid. This pbsmld now contains the mutated DMA sequenceof gene 1. 
VL nhhiiiHiiH DMaenendtoBthedesfced DTOiela 
10 to.analteinativ8embodimenl,th{8lnranGoncontemplabspnduction(tfvarlantsofadesi^ 
containkigoneormoresubunits. Eachsubunitistypicaliyencodedbyseparategene. Each gene encotfng each 
suburttcanbeobfa&iediymelhodsknownintheart(8ee.tbrexampie,Seclionli). In some instances. Itmsqrbe 
necessary to obtain the gene encoding the various subunns using separate technques selected to^ 

methods described to Secfion IL 
1 5 vvhen conslrucling a replicable expression vector where the protein of interest contains more than one 

suburdt, aB subunite can be regulated the same pronmter, tn)ically located 5' to the DMA enoodng the subunits, 
or each msy be regulated by separate promoter suBab^ oriented In the vector so that each promoter is operaUy 
linked to the IX4A (is Intended to regulate . Setecfion of promotere Is canied out as described In Section ill 
above. 

20 In oonstrucling a replicable expression vector containing DMA encoding the proteto of interest having 

multiple subunits, the reader is referred to Rgure 10 vnhere, by way of illustration, a vector is diagrammed 
show^ DNA encoding each subunit of an antibody fragment This figure shows that general^, one of the 
subunits of the protein of interest will be fused to a phage coat protein such as M13 gene III. This gene fusion 
generally will contain its own signal sequence. A separate gene encodes the other subunit or subunits, and it fe 

25 apparentthat each subunit generally has ib own signal sequence. Figure 10 also shows that a single promoter can 
regulate the expression of both subunite. Altematively, each subunit may be independently regulated by a 
different promoter. The protein of interest subwit-phage coat protein fusion oonstrua can be made as 
described in Secb'on IV above. 

When constructing a family of variants of the desired multi-sidxjnit protein, DNA encoding each subunit 

30 inthevectormaymutetedtooneormoreposlfonsineachsubunlt When muiti-subunitantibodyvaiiante are 
constrocted, preferred sites of mutegenesis oonespond to codons encoding amino add residues located in the 
complementerityHietemnining regions (CDR) of eitoer Ihe light chain, the heavy chain, or both chains. The CDRs 
are commoriy referred to as the hypervarfabte regions. MethodstormutagenlzlngDNAencodingeachsubunitof 
the protein of Interest are conducted essentially as described in Sedton V above. 

35 

VIL PiepailiiriaTi wytMntecufeanrimnanywWt 

Target proteins, such as receptors, may be isolated ftom natural sources or prepared by recombinant 
methods by procedures lowwn in the art By way of llluskatton. glyooprotdn honnone leceptore m^ be prepared 
bf the technique described by llltiFatani ef aH. SsSsm. 245:494499 [1989], nonglyoosylated torms expressed 
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in £ collate described by Fuh et al. J. Biol. Chem 265:31 1 1^1 15 [1990] Other receptors can be prepared by 
standard methods. 

The purified target protein may be attached to a suitable matrix such as agarose beads, acrylamlde 
beads, glass beads, celulose, various acrylic copolymers, hydroxylalkyi methacrylate gels, polyacrylic and 
5 polymethacrylic copolymers, nylon, neutral and ionic carriers, and the Eke. Attachment of the target protein to the 
matrix may be accomplished by methods described in Methods in Engymoiopy. 44 [197^. or by other means known 
in the art. 

After attachment of the target protein to the matrix, the Immobilized target is contacted with the 
library of phagemkl partk:ies under conditions suitable for binding of at least a portbn of the phagemid particles 
10 with the immobilized target. Nonnaliy, the oondittons, indudhg pH, tanio strength, temperature and the like will 
mimic physk)k)gkal oondtttons. 

Bound phagemid particles Cbinders") having high affinity for the immobilized target are separated 
from those having a low affinity (and thus do not bind to the target) by washing. Binders may be dissociated 
from the immobilized target by a variety of methods. These methods include competitive dissodafion using the 
1 5 wiM-type iigand, altering pH and/or ionic strength, and methods known in the art. 

Suitable host cells are infected with the binders and helper phage, and the host cells are cultured under 
conditk)ns suitable for amplification of the phagemid particles. The phagemkl particles are then collected and the 
selection process is repeated one or more times until binders having the desired affinity for the target molecule 
are selected. 

20 Optionally the library of phagemkl particles may be sequentially contacted with more than one 

immobilized target to improve selectivity for a particular target. For example, it is often the case that a ligand 
such as hGH has more than one natural receptor. In the case of hQH, both the ^wth hormone receptor and the 
prolactin receptor bind the hGH ligand. It may be desirable to improve the selectivity of hGH for the growth 
honnone receptor over the prolactin receptor. This can be achieved by first contacting the library of phagemid 

25 particles with immobilized prolactin receptor, eluting those with a low affinity (i.e. lower than wild type hGH) for 
the prolactin receptor and then contacting the tow affinity prolactin tinders* or non-binders with the 
immobilized growth hormone receptor, and selecting for high affirtity growth honnone receptor binders. In this 
case an hGH mutant having a tower affinity for the prolactin receptor would have therapeutic utility even if the 
affinity for the growth honnone receptor were somewhat tower than that of wild type hGH. This same strategy 

30 may be employed to improve selectivity of a parttouiar honnone or protein for tts primary function receptor over 
its clearance receptor. 

In another embodiment of this inventton, an improved substrate amino ackl sequence can be obteined. 
These may be usefol for making better *cut sites' for protein linkers, or for better protease 
substrates/inhibitors. In this embodiment, an immobitizable molecule (e.g. hGH-receptor, Uotin-avidm, or one 
35 capable of covalent linkage with a matrix) is fused to gene III through a linker. The Rnker will preferably be from 3 
to 10 amino adds in length and will act as a substrate for a protease. A phagemid will be constructed as described 
above where the DNA encoding the linker region is randomly muteted to produce a randomized library of phagemid 
parlides with different amino add sequences at the linking site. The library of phagemid partides are then 
immotrilized on a matrix and exposed to a desired protease. Phagemid partides having preferred or better 



wo 92/09690 PCr/US9i;09133 

20 

substrate amino acid sequences m the Oner region far the desired protease wUi be elulBd, first produchg an 
enriched pool of phagemid partides encoding preiened Inkers. These phagemid panicles are then cycled several 
more times to produce an errt:hed pool of particles enoocftig consense 8equence(s) (see «(^ 

m firm«thHflmiflneV«<mi!iandlMh^ 

5 ThedoiiedgenefbrhGHhasbeenexpressedha8ecretedf9rmln£sGba^ 

[1987] l]S[e2L189) and its DNA and amino add sequence has been leported (Goeddel, etaL [1979] Mm2SL 
544; Gray flfat41985IfiaDftaa. 247). The present mvonlion describes novel hQH variants produced using the 
phagemid selecftin methods. Human grewti horaione variants containing substituiions atposllions 10. 14, 18. 21, 
167, 171, 172, 174, 175, 176, 178 and 179 have been described. Tftose having higher binding affinities are 

10 described in Tables Vil. XIII and XIV. TTie amino add nomendattfefordescribing lie variants is shown below. 
Growlhhannonevarianlsm^beadminlsieiedandfonmjlatedhthesamemannerasiegulargro^ The 
growth hormone variants of the present Invention may be expressed in any recombinant ^m «*ich is capable of 
expressing native or met hGH. 

Therapeutic fonnubtlons of hGH for therapeutic administration are prepared for storage by mixing 

1 5 h^ having the desired degree of purity with optional physiologically acceptable carriers, exciF^ents, or 

stabDizers (Rgminpton's Ph pffpaftftiiKnai Srifincas, I6lh etflion, Osol. A.. Ed.. (1980)., in the form of lyophiOzed 
cake or aqueous soluttons. Acceptable carriers, excipients or stabiDzersare nontoxic to recipients at Ihe dosages 
and concentelfons emptoyed, and indude buffers sudi as phosphate, titrate, and other organic adds; anfioxidants 
induding ascorijic add; kjwmolecular weight (less than about 10 residues) polypeptides; proteins, sudi as semm 

2 0 albumn\ gelaBn. or immunogkAuTms; hydrophflfc polymers sudi as polyvmylpyrroDdone; amino adds sudi as glydne, 
glutamine, asparagine, argirsne, or lysine; monosaccharides, disaccharides, and other carbohydrates induding 
glucose, mannose, or dextrins; dielafng agents sudi as EDTA; divalent mebl tons sudi as zinc, cobalt or copper; 
sugar alcohols sudi as marmitol or sorbitol; salt-forming counterions such as sodium; and/or nontonic surfactants 
such as Tween, Pluronics or polyethylene glycol (PEG). Fomiulalbns of the present hvenfion may addifionally 

25 contain a pharmaceutically acceptable buffer, amino add, bulking agemandtornon4on^ Tljese mdude. 

for example, buffers, chelating agents, antioxidants, presenatives, cosolvents. and Ihe Dke; specific samples of 
these could indude, trimethyfamaine salts (Tris bufferl, and disodium edetate. The phagemids of Ihe present 
~ invenfionmaybeusedtoproducequardifiesoflhehGHvariantsfreeofttiephageprolebi. Toe)^sshGM 
var^sbee of the gene III portion of the fuston, pS0643 and derivatives can simply be gnwn &ia nm- 

30 swessor strain such as 16C9. In ttiis case, the amber codon (TAG) leadsto teniflnationof translatk)n,.wWch 
yIeUs free hormone, without 8ie need for an independent DNA oonsHuction. The hGH variant is secreted from the 
hostand may be isdated from the culture medium. 

Oneormoreof the eighthGH amino adds FID. M14. H18. H21, R167, D171,T175 and 1179 may be raped 
by any amino add other than the one frxmd in that posifion in naturally occurring hGH as frxficated. Therefrire, 1 , 2, 

35 3. 4, 5. 6, 7, or ai 8 of the mdkaled amino adds. F10, M14, Hlft H21, R167, D171. T175 and 1179, maybe replaced 
by any of fieottier I9amfrn adds outof the 20 amino adds Isled beiow. In a preferred embodonent. al eight 
listed ammo adds are replaced by another amino add. The most pr^erred ei^ amino adds to be substituted are 
incficated in Table XIV iiT Example XIL 
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AirfnoflddnoninctaknL 
Ala (A) 

A8n(N) 
Asp(D) 
Cy8(C) 
Gln(Q) 
Glu(E) 
Gly(G) 
His (H) 
lie (I) 
Leu (L) 
Lys(K) 
Met (M) 
Phe(F) 
Pro (P) 
Ser (S) 
Thr (T) 
Trp (W) 
Tyr (Y) 
Val (V) 

The one letter hGH variant nomendaiure ftst gives the tiGH amino acid deleted, for example ^utamate 1 79; tten 
the amino add inserted; for example, serbe; resulting in (E1795S). 

25 

EXAMPLES 

Without further description. B is iKiieved that one of ordinary sMIl in the art can. using the preceding 
description and llustralive examplBS. make and ufilize the present invention to the fullest extent The following 
woridng examples therefore spediicaiy point out preferred emIXHfiments of the present invention, »id are not to 
30 t)e construed as bniting in any way of the remainder of the disctosure. 

EXAMPI£I 

Plasnild Constructions and Prepaation of hGff phagemid Particles 
The ptasmid phGH-M13glll (Rg. 1), was constructed from MISKO?^ and the hGH produdng plasmid, 
pB0473 (Cunningham, B. C, etaL , SsiSDS&, 243:1330-1336, [1989]). A synthetic oiigonucleolide 5'-AGC- 
35 TGT-GGC-TTC- GGG-CCC- TTA-GCA-TTT-AAT-GCG-GTA-3' was used to Introduce a unique ApsA 

restriclion site (underlined) into pB0473 after the final Phe191 codon of hGH. The oiigonucleolide 5'-TTC- 
ACA-AAC-GAA -GGG-CCC-C TA-ATT-AAA-GCC-AGA-3' was used to introduce a unique Apa\ restriction site 
(underlined), and a Glu197-to-amt>er stop codon (tx)id lettering) into M13K07 gene III. The oligonucleotide 5'- 
CAA-TAA-TAA-CGG -GCT-AGC- CAA-AAG-AAC-TGG-3' introduces a unique Nhei Site (underiined) after the 
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3' end of the gene Ulcocing sequence. Tiieresulfing 650 base pair (bp) Asal-WWfragmemftom the doub^ 
mutated M13K07 gene III was doned into «» iarge Apai-Nha fragment of pB0473 to create the plasmid. 
pS0132. TKs liises the carfaoxyl tenninus of hGH (R»191) to ttie Pnigs residue of the gene III protein wHh the 
Insertion of a glydne residue encoded from the >VHl site and places the fU^ 
5 aIkafinephosptKdase(ptoA)promolerandsOl.seGretio^ 

[1987]). For inducible expression of the fusion protein in rich media, we replaced the pho^ promoter with the lac 
promoter and operator. A 138 bp a»RI-Xtei fragment containing the lac promoter, operator, and Cap binding 
site was produced by PGR of plasmid pUC1 19 using the oiigonudeotides 5"- 

CAC6ACAfiMII£CCSACTGGAAA-3' and S-CTQTT ICIAJ3A0TQAAAnGnA-3' that flanic the desired 
10 (acsequencesandMrodu»lheEcoRlandXbalrestriclionsiles(underiined}: TKs lac fragment was gel purffied 
and ligalsd into the large EcoRt-Xbal fiagmentof pSOISZ to create Ihe plasmid. phQH4A13glll. The sequences 
of an tailored DNA Junctions were verified by the dUeoxy sequence method (Sanger. F.. Btal. Prec . Natl , tead. 
sti. U S A. 745463^5467. f19771). The R64A variant hGH phagemid was consmjded 38 follows: the Nsii-Bglll 
mutated fragment of hGH (Cunninghamef a/, supia ) encoding the Arg64 to Ala substitution (R64A) 
1 5 (Cwnli^m, B. C, Wells, J. A..&iSDCS. 244:1081-1085, 11989)) was donedAetween the corresponding 
restriction sites in the phGH-iyi13glll plasmid (Fig. 1) to replace the wild^ype hGH sequence. The R64A hGH 
phagemid partides were propagated and titered as described betaw for the vnTd-type hGH-phagemid. 

Plasmids were transfbmied into a male strain of £ coif (JM101) and selected on carfaenidllin plates. A 
single iranslonnant was grown in 2 ml 2YT medium for 4 h at 37*0 and iirfecled with 50 jil of M13K07 helper 
20 phage. The infected culture was diluted into 30 ml 2Yr, grown overnight, and phagemid partides were harvested 
bypredpitalionwith polyethyleneglycol (Vierra. J.. Messing, J. MflthOdSinEnzymologY. 153:3-1 1, [1987]); 
Typical phagemid partde tilere ranged from 2 to 5 x 10^ ^ cfu/mL The partides were purllied to homogeneity by 
CsCl density cenlrifugation (Day, LA -i- Moi- Biol.. 39265-277, [1969]) to remove any fusion protein not 

attached to virions. 
25 EXAMPLE I 

iiii M iodientalAnalysesonfiHcntheRBlon Phage 
Rabbit polydonal anfibodies to hGH were purified vritti protein A, and coated onto microliter plates 
(Nunc) al a concentration of 2 (igAnl in 50 mM sodium carbonate buffer (pH 10) at 4'C for 16-20 houre. After 
washing in PBS conteWng Oj05% Tween 20, hGH or hGH-phagemid partides were serially dDuted fnm 2i) • 
30 OSmm m buffer A (50 mM Tris (pH 7f ). 50 mM NaCI, 2 mM EDT^ 5 mgAnI bovine seium albumin, and OSm, 
Tween 20). After 2 hours at room temperature (r9, the plates were washed wen and the indicated Mab 
(CunninghamefalL s(fva)wasa(fdedatlMAnlinbuRBrAfor2houreatrL FoBowing washing, horseradish 
peroxKlaseoorqugated goat anti-mouse IgGandbocfy was bound at rt fori hour. After a final wash, the 
peroxidase activity was assspd with the substRde. ofhenylenedlamine. 
35 EXAMPLE ■ 

Ca<ilingoriheliGHBIndb«notelnbPQlyaciyteinlda Beadsand Binding Enfchments 
Ox'rane pdyacrylandde beads (Sigma) were coiqugated to the purified extracellular domain of the hGH 
receptor (hGHbp)(Fuh.G;.ef a/., J- Bfol. Chem.. 2653111-3115[1990]) containing anextra cysteine residue 
introduced liy ds^irected mutegenesis at positbn 237 that does not affect binding of hGH (J. Wells, 
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u«Httished).T»«hGHbpwasco,iugat«^ 

oxl«nebead.a8measured»vbindhi90fp25qi^tott«,BSin.Su^ 

blocked «ith BSA and Trfs. AS a comrol lor noiwpedfte binding of phagemid particles. BSA was sm«lariy 

coupled to the beads. Bufterloradsorptkm and washing cony^ 

5 Naa 1mgftnIBSA.and0.02%Tween20. Elution buffers contained wash buffer plus 200 nMhGH or 0.2 M 
dycH^e (pH 2.1) phage 1^1 3K07 was mixed with hGH phagemW particles at a ratio of neariy 3000:1 

(Original mixture) and tumbled for 8-12 h with a 5 m aliquot (0.2 mg of acryfamide beads) of either abscrt)ent in a 
50 Ml volume ainwm temperature. The beads we« pelleted by centrifugafionandt^ 
^noved The beadsweraresuspended in 200 Ml wash buffer and tumbled at room temperature f^^ 

10 (washi) Allerasecondwash(wash2).thebeadswereeIutBdtwicewith200nMhGHfor6.10hoursea^ 
(eluatel eluate2). The final elution was with a gtydne buffer (pH 2.1) for 4 hours to ramoveremalrt^ 
phagemii particles (eluate 3). Each fraction was dButed appropriately in 2YT media, mixed with fresh JM101 . 
incubated at 37*0 for 5 minutes, and plated with 3 ml of 2YT soft agar on LB or LB carbenicillin plates. 

EXAMPLE IV 

15 constwcaondhGH-phagenildlWWes^rthalttth^ 

Ttie gene III protein Is composed of 410 residues dhnded into two domains that are 

ftexiWe iinl«r secvience (Amistrong. J., e/a/.. EEBaifilL 135:167-17^ 
re(*i-.ed for attachment to the pili of £ COS. while the carboxyl^w^ 

recpredforproperphageassembly (Crtssman. J. W, Smitiv G. Sfiato. 132:445-455.119841). Theslgnal 
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supra) byfuslontoresiduel98inthecartx>xy^^e^ninaldomainofgenenl(Fig.1). T)«hGH-gene 111 fusion was 
placed under control of the tec promoter/bperalor in a plasmid (phGH-Mlsglll; Rg. 1) containing the pBR322 
p4aclamasegeneandColElreplica1ionorigin,andthBphagBl1irtergenic The vector can be easily 
maintained asasmall plasmid vBclorbyselecliononcarbert^ 
25 lor propagation. Ahematively. the plasmid can be eKdently paclaged into virions (called phagemid particles) by 
imeotionwilhhelperphagesucha8Ml3K07(VleraefaL«|)ra)which avoids p^^^ 
Phagemid infectivity titers based upon transduction to cart)enlcilin raslslance in this system varied from 2-5 x 
lOlloolony forming units (cfuyml. The filer 01 the Mi3K07 helper phage In 

plaque forming units (pfu)/ml. 

30 VWilh this system we confinned previous studies (Pam.ley. Smith supra) that homogeneous expressran of 

largeproleii»fusedtogenelllisdeleterioustophageprDduclion(datanotshown)^ For example, induction of the 
lac promoter in phGH.M13glll by addition of IPTG produced low phagemid titers. Moreover, phagemid particles 
produced by co-infection with M13K07 conteining an amber mutation in gene III gave very low phagemid titers 
(<1010 cfu/ml). we believed that mulliple copies of the gene III fusion attached to the phagemid surface could 

35 lead to multiple point attachment (the 'chelate effecf) of the fusion phage to the Immobilized target protein. 
Therefore to control the fusion protein copy number we limited transcription of the hGH-gene 111 fusion by 
culturing theplasmidinE. col? JMlOl{lac|Q) which containsaconstilullvd^ 
The E CO//JM101 cultures containkigphGH-MlSglll were best propagated andinfectedwilh^^ 
absenceof the lacoperonlnducer(lPTG):however.this system isflexibte^ 
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fusion pmieihs can be babncecL Wees8tnalBlhafai»ut10%ofthepha9emid paitUesooniainonec^ 
hGH gene lU fusion protein fiaom 9» ratio of the amount of hGH per wfon (based on hQH fmrnuno-reaclive material 
inCsCtgradient purifiedphagemid). TIierefbre.tlie titer of fusion phage dteplaying the hGH gene III fusion 
about 2 - 5 X IO^Om TWs number Is much greater than the titer of £ ooH (-108 to 1o9/mi) n the culture from 
5 which ih^ are derived. Thus, on averageevefy£(soiPceD produces 10-100 copies of phage decorated iMthm 
hGH gene III fosion protein. 

EXAMPLE V 
Structural Integrity of the hCHgene H Fusion 
Immunoblot analysis (Fig. 2)of thehGH-gene III phagemid show that hGH cross-reactive material 
1 0 comigrates vwlh phagemid particles in agarose gels. This indicaies thatihe hGH is tightly associated with 

phagemid particles. The hGH-gene III fusion protein from the phagemid particles runs as a single iramuno-stalned 
band showing that there is little degradation of the hGH when it is attached to gene III. Wild-type gene Hi protein 
is dearly present because about 25% of the phagemid particles are Infectious. This is comparable to specific 
infectivity estimates made for wid-type M13 phage that are similarly purified (by CsCI density gradients) and 
1 5 concentrations estimated by UV absorbance (Smith. G. P. supra and Pamiley, Smilh supra) Thus, both wild-^ 
gene llland tfe hGH-gene III fusion proteins are dsplayed ai the phage pool. 

It was Important to continn that the tertiary sinicture of the disfriayed hGH was maintained in order to 
haveconiidenoelhatresultsl^bfexflngseleciibnswiOiranslaletolhenativeprote^^ We used monoclonal 
antibodies (Mabs) to hGH to evaluate the stnickiral Integrity of the dteplayed hGH gene III fusion protein (Table 
20 I). 

TABLEL Binding ofBghtDiff^ Monoclonal 
Antibodies (Mab^) to hGH and hGH Phagemid Parflctes* 
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Mab 


IC50 (nM) 




hGH 


hGH-phagemid 


1 


0.4 


0.4 


2 


0.04 


0.04 


3 


0.2 


0.2 


4 


0.1 


ai 


5 


0.2 


>2.0 


6 


0.07 


0.2 


7 


0.1 


0.1 


8 


0.1 


0.1 



•Values given repreant the concentration (nM) of hGH or hGH^ihagemid particles to give half-maximal binding to 
tfe p^odar Ma^ Standard enors in these measurements are typicaly at or below ±30% of the reported vabe 
See Matenals and Methods for further details. 

30 Theepaope8onhGHferthese Mab8hawBbeenmapped(Cunninghame/a/-SLpra) and binding for 7 of 

8 Mabs requires that hGH be properly folded. The IC50 values for all Mabs were equivalent to wild-type hGH 
except fbrMabSande.BothMabsSandOare known to have binding deteraiinants near the carboxyl-tenninus of 
hGH whidi Isblocfcedh the gene III fusion protein. Ttie relative IC50 value IbrMabl which reads wilh both native 
anddenaturedhGHisiiichangedcomparedtotheconfomiationalVsensiBveMabs2-5,7and^^^ Thus,Mab1 

3 5 serves as a good internal control tor any errors In matching the concentration of the hGH standard to that of the 
hGH-gene Ul fusion. 
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EXAMPLE VI 
BinclUng Enrichments on Recepu^ 

Previous workers (Parmley, Smitti supra ; Scott Smith supra: Cwirta etal. supra: and Devlin etal. 
5 supra) have fractionated phage by panning with streptavidin coated polystyrene petri dishes or microtiter plates. 
However, chromatographic systems would allow more efficient fractionaiion of phagemid particles displaying 
mutant proteins with different t)inding affinities. We chose noni)orous oxirane beads (Sigma) to avoid trapping 
of phagemid particles in the chromatographic resin. Furthemiore, these beads have a small parUde size (1 \m) to 
maximize the surface area to mass ratio. The extracellular domain of the hGH receptor (hQHbp) (Fuh etal. , 
1 0 supra) containing a free cysteine residue was efficiently coupled to these beads and phagemid particles showed 
very low non-spetific binding to beads coupled only to bovine semm albumin (Table 11). 

TABLE IL 



15 Specific Binding of Hormone Phage to hGHbp-coated 

Beads Provides an Enrichment for hGH-phage over IM13K07 Phage* 





Sample Absorbent^ 


Total pfu 


Total cfu 


Ratio (cfu/pfu) 


Enr1chment§ 


20 


Ori^nal mixturet 


S-Sxiol"" 


2.9 X 108 


3.5 X 10-4 


(1) 




Supernatant BSA 


7.4x10^'' 


2.8 X 108 


3.8 X 10-4 


1.1 




hQHbp 


7.6 xlO^^ 


3.3 X 108 


4.3 X 10-4 


1.2 




Wash 1 BSA 


1.1 xlO^O 


6.0 X 106 


5.5x10-4 


1.6 




hGHbp 


1.9x10^0 


1.7x10^ 


8.9 X 10-4 


2.5 


25 


Wash 2 BSA 


5.9 X 107 


2.8 X 10^ 


4.7x10-4 


1.3 




hGHbp 


4.9 X 107 


2.7 X 106 


5.5x10-2 


1.6x102 




Eluate 1 (hGH)BSA 


1.1 x106 


1.9x 103 


1.7 X 10-3 


4.9 




hGHbp 


1.2X106 


2.1 X 10^ 


1.8 


5.1 X 103 




Eluate 2 (hGH)BSA 


5.9 X 105 


1.2x 103 


2.0 X 10-3 


5.7 


30 


hGHbp 


5.5 X 105 


1.3x106 


2.4 


6.9 X 103 




Eluate 3 (pH 2.1)BSA 


4.6 X 105 


2.0 x 103 


4.3x10-3 


12.3 




hGHbp 


3.8x105 


4.0 x 10^ 


10.5 


3.0x104 



*The titers of M13K07 and hGH-phagemid particles in each fraction was determined 
35 by multiplying the number of plaque forming units (pfu) or carbenicillin resistant 
colony forming units (cfu) by the dilution factor, respectively. See Example IV for 
details. 

tThe ratio of I\/I13K07 to hOH-phagemid particles was adjusted to 3000:1 in the 
original mixture. 
40 ^^Absorbents were conjugated with BSA or hGISbp. 

§Enrichments are calculated by dividing the cfu/pfu ratio after each step by cfu/pfu 
ratio in the original mixture. 

In a typical enrichment experiment (Tat>le II), one part of hGH phagemid was mixed with >3,000 parts 

M13K07 phage. Aftisr one cycle of bindirq and elution, 10^ phage were recovered and the ratio of (^gemid to 

45 M13K07 phage was 2 to 1. Thus, a single binding selection step gave >5000*fold enrichment. Additional elutions 

with free hGH or acid treatment to remove remaining phagemids produced even greater enrichments. The 

enrichments are comparatrie to those obtained by Smith and cowort^ers using batch elution from coated 

polystyrene plates (Smith, GP. supra and Parmely, Smith s^pra ) however much smaller volumes are used on the 
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beads (200 fil vs. 6 ml). There nas almost no enrichment JsrHie hGH phagemid over M13ia>7i«hen we used 
beads ihkedonlytoBSA. The8iightenrichmertobservedfbrconliolbead8(-104BldforpH2.1e!ufion;^ 
2) may result ftom trace contaminants of bovine grawUi honnone binding pnlein present ln the BSA linked to the 
bead. Nevertheless these dab show Ihe enrichments for the hGH phage depend upon Ihe pre 

5 onthebeadsuggesiingbindingoccurebyspeciiioinlBiactionbetweenhGHandthehQH^ 

We evaluated the oirichmeM for wiU-type hGH over a wa^r binding variant of the hGH on 
phagemids to further demonstrate enrichment spediclty. and to Ink the reduction iri binding afimily for the 
purified homiones to enrichment factors after panning fusion phagemUs. A fusion phagemid was eonslnicted 
Witt) an hGH mutant to which Arg64 was substituted vxith Ala (R64A). The R64A variant horaione is about 20- 

10 ibid reduced in receptor bindir«affii% compared to hGH (Kd values of 7.1 nM and 0 J4 nM. respecSveiy 

ICunnir^. Vtells, supra\}. The liters of the R64A hGH-gene III fusion phagemid were comparable to those of 
VKfld-type hGH phagemid. After one round of binfing and elution (Table III) the wild-type hGH phagemid was 
enriched from a mixture of the two phagemids plus M13K07 by 8-foW relative to the phagemkl R64A. and -10* 
relative to M13K07helper phage. 
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TABLEBL hGHb|M08ted Beads Selectfor hGH PhagemMs 
Over a Weaker Bbidtog hGH Variant Phageirfd 



Contmlbaads 




hGHbDbeada^ 




.«%ampiP. WTphaqemid 
total phagemid 


enrictiment 
forWT/R64A 


WT Phagemid 
total phagemid 


enrichment 
fDrWr/R64A 


Original mixture 8/20 
Supernatant ND 
Elution 1 (hGH) 7/20 
Elution 2 (pH 2.1) 11/20 


(1) 

0.8 
1.8 


8/20 
4/10 
17/20 
21/27 


0) 
1.0 

8.5* 
5.2 



ine pareni MIOIVU/ piWHC, Wliu-iypo nvan pna^miu oim nw-rr^ ^.»5^ii*....w f^M^^ -w^.- .... — 

30 10^i).41).6. Binding selections were carried out using beads linked with BSA (control beads) or with the hQHbp 
(hGHbp beads) as described in Table II and the Materials and Methods After each step, plasmid DNA was 
isolated(BlmboIm, H. C, Doly. J. , NuclBl6ftC(d8Res» 7:1513-1523. [19791) ftom carbertallln resiste^^ colonies 
and analyzed by restriction analysis to determine if it contained the wild-type hGH or the R64A hGH gene II I 
fusion. 

35 trhe enrichment for wild-type hGH phagemid over R64A mutant was calculated from the ratio of hGH phagemid 
present after each step to that present In the original mixture (8/20). divided by the corresponding ratio for 
R64A phagemids. WT » wild-type; ND not determined- 
trhe enrichment for phagemid over total M13K07 parental phage was afler this step. 

Oondbsions 

40 By diqd^ng a mixture of wild-type gene III and the gene III fusion protein on phagemU parfides one can 

assembteandpropagatevlrionsthatdisplayalargeandproperfok^^ gene III. Ihecopy 

number of the gene III fusion protein can be effsctively controlled to avoid 'chelate effects" yet maintained at high 
enough levels in the phagemid pool to perniit panrting of large epitope libraries {>^Q^% We have shown that hGH 
(a 22 kD protein) can be displayed in its native folded form. Binding selections performed on receptor affinity 

45 beads eluted with free hGH, effidentiy enriched for wild-type hGH phagemids over a mutant hGH phagemkl shown 
to have reduced receptor binding affinity. Thus, it is possible to sort phagemid partfcles whose binding constants 
are down in the nanomolar range. 
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Protein-protein and antibody-antigen interactions are dominated by discontinuous epitopes (Janin, J., 

etal., J Mol Biol.. 204:155-164, [1988]; Argos, P.. £mLEDa» 2:10M 13, [1988]: Barlow, D J.,ef aH, NatUffi. 

322:747-748. [1987]; and Davies. DK, el al. , J, Biol. Cham.. 263:10541-10544. [1988]); that is the residues 

drectiy involved in bindng are dose in tertiary stnxAirebrf The 

5 screening system presented here shouid ailow one to analyze more conveniently prolein^eceptor interactions and 

isolate discontinuous epitopes in proteins wth new and high affinily binding properties. 

EXAMPLE Vli 
Seldctk)n of hGH Mutants from a Library Randomized 
h6HCodon8l72,174,176,178 

10 Constmetion of template 

A mutant of the hGH-gene ill fusion protein was constructed using the method of Kunkel.,er a/. Meth. 
Enzymol. 154, 367-382 [1987]. Template DNA was prepared by growing the plasmid pS0132 (containing the 
natural hGH gene fused to the carboxy-terminal half of M13 gene III, under control of the alkaline phosphatase 
promoter) in CJ236 cells with M13-K07 phage added as helper. Single-stranded, uracil-containing DNA was 

1 5 prepared for mutagenesis to introduce (1) a mutation in hGH which would greatly reduce binding to the hGH 

binding protein (hGHbp); and (2) a unique restriction site (Kpnl) which could be used for assaying for - and 

selecting against - parental background phage. Oligonucleotlde-directed mutagenesis was carried out using T7 

DNA polymerase and the following oligodeoxy-nucteotide: 

Gly Thr 

20 hGH codon: 178 179 

5'-G ACA TTC CTG fiGl AfiC GTG CAG T-3' 

< Kpnl > 

This oligo introduces the Kpnl site as shown, along with mutations (R178Q, I179T) in hGH. These mutations are 

predicted to reduce binding of hGH to hGHbp by more than 30-foU. Clones from the mutagenesis were screened 
25 by Kpnl digestton and confirmed by dideoxy DNA sequencing. The resulting constmct, to be used as a template 

for random mutagenesis, was designated pH0415. 

Bandfimniutageneste within henx-4 ot hGH 

Codons 172, 174, 176, 178 were targeted for random mutagenesis in hGH, again using the method of 

Kunkel. Single-stranded template from pH0415 was prepared as above and mutagenesis was carried out using 
3D the toitowing pool of ollgos: 

hGH codon: 172 174 

5*- GC TTC AGG AAG GAC ATG GAC GTC NNS. ACA- 

35 He 
176 178 179 

- NNS CTG NNS AXC GTG CAG TGC CGC TCT GTG G-3 " 

As Shown, this oligo pool reverts codon 179 to wild-type (lie), destroys the unique Kpnl site of pH0415, and 
introduces random codons (NNS, where N= A,G,C, or T and G or C) at posittons 172,174,176, and 178. Using 
40 this codon selectbn in the context of the above sequence, no adcfittonal Kpnl sites can be created. The choice of the 
NNS degenerate sequence yiekls 32 possible codons (including one 'stop' codon, and at least one codon for each 
amino acid) at 4 sites, for a total of (32)^= 1,048,576 possible nudeotkje sequences (12% of whteh contain at 
least one stop codon), or (20)^» 160,000 possible polypeptide sequences plus 34.481 prematurely tenninated 
sequences (i.e. sequences containing at least one stop codon). 

45 PrQpaq9BQngfthg>nititfi|>?f?tY 
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The mutagenesis products were extracted twice with phenolKhloroform (5050) and ethane! 
precipitated with an excess of carrier tRNA to avoid adding salt that would confound the subsequent 
electroporation step. Approximately 50 ng (15 fmols) of DMA was electroporatad inlo WJM101 cells (2^ x 10^0 
cellsftnL) in 45 ^iL total volume in a 0.2 cm cuvette at a voltage setting of 2.49 kV with a single pulse (tSne 
5 constant =4.7 msec.). 

The cells were allowed to lecovw 1 hour at 3TKi with shaking, then mixed with 25 raL 2yT medium, 100 
jig/raL caibenfdlBn, and M13J(07 (muilipikjty of Infectton = 1000). PlaBng of serial dBufions liom m culture 
onto cartwnidillrMontaWng media Mealed that 8.2 x 10^ etoctrobansibrmants were obtained. After 10" at 
2aPG, the culture was bicubaled overnight (15 hours) at ST^C wdlh shddng. 

1 0 After ovemi^ incubation, the eels were pelleted, and double^tranded DNA (dsDNA), designated 

pLIBI , was prepared bf the alcalde lysis method. The supernatant was spin to remove any remaning odis, 
and ttie phage, des^nated phc^ poid ^1 . were PEG-predpitalsd and resuspended in r mL STE buffer (10 mM 
Tris, pH 7^, 1 mM EDT^ 50 mM NaCI). Phage tilers were measured as colony-fomiing units (CFU) for the 
recombinant phagemid containing hGH-gSp gene III fusion (hGH^S) piasmkL and plaque*rming units (PFU) for 

1 5 the Ml 3-K07 he|)er phage. 

BnilMfielBlHtollctngfcitiinMB^ 

1. BINDING: An alkjuot of phage pool ♦! (6x109CFU.0x107pFU>wasdfluted4f-foldlnbufferA 
(Phosphale^xiffered saline. 0.5% BSA. Oj05% Tween-20, 0.01% thimerosal) and mixed with a 5 suspension of 
onrane-polyacrylankle beads coupled to the hGHbp containing a Ser237 Cys mutaticm (350 fmols) in a 1 5 mL 

20 silaled polyprorolene tube. As a control, an equivalent aliquot of phage vnere mixed in a separate tube wiith beads 
that had been coated with BSA only. The phage were allowed to bind to the beads by incubating 3 hours at room 
temperature (230C) with slow rotation (approximately 7 RPM). Subsequent steps were carried out with a 
constant volume of 200)iL and at room temperature. 

2. WASH: The beads wwe spun 15 sec., and the supernatant vras removed (Sup. 1). To remove 

25 phage/phagemid not specifically bound, the beads were washed twice by resuspending in buffer A, then pelleting. 
A final wash consisted of rotating the beads in buffer A for 2 houre. 

3. hGH ELUTION: Phage/phagemid binding weakly to the beads were removed by Sepwise elution vrith 
hGH. In the first step, the beads were rotated writh buffer A contaWng 2 nM hGH. After 17 hours , the beads 
were pelleted and resuspended In buffer A containing 20 nM hGH and rotated tar 3 houre, then peDetod. In the 

30 final hGH wash, the beads were suspended in buffer A contairring 200 nM hGH and rotated for 3 hoiffs then 
pelleted. 

4. GLYCINE ELUTION: To remove the %htest>binding phagemid O-e. fliose sbll bound after the hGH 
washes), beads ware suspended in Glycine bufiiBr (1 M.GIycine. pH 2jO with HCI). rotated 2 houre and peBeted. 
The supernatant (fractfon 'G"; 2SXi]jL) was neutraHzed liy addhg 30 |iL of 1 M Tiis base. 

35 fraction G ehJted from the hGHbp-beads (t x 106 Cl^, 5 x 10* PFU) was not substantially enrfched 

for phagemid over K07 helper phage. We believe this resulted from the fact that K07 phage packaged during 
propagatkK) Of the recombinant phagemid display the hGH-gSpluslon. 



wo 92/09690 



29 



PCr/US91/09133 



However, when compared with fraction 6 eluled from the BSA^ed oontroi beads, the hGHbp-beads 
yielded 14 times as many CPU's. This reflects the enrichment of tight-binding hGH-displaying phagemid over 
nonspediically-binding phagemid. 

5. PROPAGATION: An aliquot (4^ x 10^ CPU) of fraction 6 eluted from the hGHbp-beads was used 
5 to infect log-phase WJM101 cells. Transductions were carried out by mixing 100 (iL fraction Q with 1 mL WJM101 
cells, incubating 20 min. at 3700, then addirig K07 (multiplicity of infection^ 1000). Cultures (25 mL 2YT plus 
carbenidHIn) were grown as described above and the second pool of phage (library 1G, for first glycine elution) 
were prepared as described above. 

Phage from library 1 G (Rg. 3) were selected for binding to hGHbp beads as described above. Fraction 
10 G eluted from hGHbp beads contained 30 times as many CPU's as fraction G eluted from BSA-beads in this 
selection. Again, an aliquot of fraction G was propagated in WJM101 cells tD yield library 1G^ (MicaDng that 
this library had been twice selected by glycine elution). Double-sfranded DIM (pLIB 1G^) was also prepared 
from this culture. 

Kpnl agysay and nffitrlfltgn'fHHftcttftn »f ^VHh 
1 5 To reduce the level of badcground (Kpnl*^) template, an aliquot (about 0.5 yig) of pLIB 1 G^ was 

digested with Kpnl and eiectroporated into WJM101 cells. These cells were grown in the presence of K07 
(multipBcity of infection^ 100) as described for the initial library, and a new phage pool. pLIB 3. was prepared 
(Rg. 3). 

In addition, an aliquot (about 0.5 ^g) of dsDNA from the initial library (pLIBI) was digested with Kpnl 
20 and eiectroporated directly into WJM101 cells. Transfomnants were allowed to recover as above, infected with 
M13-K07, and grown overnight to obtain a new library of phage, designated phage library 2 (Rg. 3). 

SMCsaiverHiidsflfseiefllgn 

Phagemid binding, elution, and propagation were canted out in successive rounds for phagemid derived 
from both pLIB 2 and pLIB 3 (Rg. 3) as described above, except that (1) an excess (lO-fold over CPU) of 
25 purified K07 phage (not dsplaying hGH) was added In the bead-binding cocktail, and (2) the hGH stepwise 
elutions were replaced with brief washings of buffer A alone. Also, in some cases, XL1 -Blue cells were used for 
phagemid propagation. 

An additional digestion of (feDNA with Kpnl was earned out on pLIB 2G3 and on pLIB 3G5 before the 
final round of bead-binding selection (Rg. 3). 

30 WASequenclnqpt selected phagenBa 

Pour independently isolated clones from LIB 4G^ and four independently Isolated dones from LIB SG^ 
were sequenced ty dideoxy sequencing. All eight of these clones had identical DNA sequences: 

hGH codon: 172 174 176 178 

35 5' -AAG GTC TCC ACA TAC CTG AGO ATC-3' 

Thus, all these encode the same mutant of hGH: (E174S, P176Y). Residue 172 in these clones is Lys as In wild- 
type. The codon selected for 172 is also identical to wild-type hGH. The is not surprising since AAG is the only 
lysine-oodon possible from a degenerate 'NNS' codon set Residue 178-Arg is also the same as wild-type, but 
here, the codon selected from the library was AAG instead of CGC as Is found in wild-type hGH, even though the 
40 latter codon is also possible using the "NNS' codon set 
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MtdHnlleHvaflC07lnfeeHen 

17)6 muHiplici^ of infe^ of KD7 infecGon is an hiportant parameter in In propagat'on of 
recombinant phagemids. The K07 muiliplicity of MscUon must be high enough to bisure ttiat virtually all ceOs 
fianstaimed or Hansiecteid with phagemid are able to padoge new phagemid partides. Furthennoie. the 
5 concenbation of m-\m gene Hi in each cell should be kept high to reduce the possibirity of muiliple hGFfgene III 
fudonfflolecuiesbei9displayedoneachphagemidparticie,therebyreducingchelatee^ However, 
if the K07 mulbpUcity of infisdion is too high, the pad(^ of K07 wiH compete with that of recombinant 
phagemid. Vie find lhat acceptable ph^id yields, with only M0% badcground K07 phage, are obtained when 
ttie K07 multipltdty of infection is 100. 

10 

TablelV. 



Phage Pod 


moi (K07) 


Enriduneitt 


hGHbp/BSA beads 


Fraction 


C[=U/PFU 






LIB1 


1000 


NO 


14 


0.44 


LIB1Q 


1000 


NO 


SO 


0.57 


UBS 


100 


NO 


1.7 


0.26 


UB3G3 


10 


NO 


8.5 


0.18 


UB3G* 


100 


460 


220 


0.13 


UB5 


100 


NO 


15 


NO 


LIB 2 


too 


NO 


1.7 


<0.05 


UB2G 


10 


NO 


4.1 


<0.10 


LIB 2G2 


100 


1000 


27 


0.18 


LIB 4 


100 


170 


38 


ND 



Phage po(^ are labelled as shown (Fig. 3). ThemuHipDd^oflnfMtion(moi)r6lerstotfiemulliplid^of K07 
infection (PFlMcells) 'm the propagation of phagemid. The enrichmentof CPU over PFU is shown in those cases 

15 where purified K07 was added in the bincfing step. The ratio of CPU elufing from hGHbp^s over CFUelufing 
fiom BSA-beads is shown. The badion of Kpnl^ontaining template (ije.. pH0415) remaining in the pool was 
detennined l>y digesfing dsDNA with Kpnl plus EcoRi, nmhg the produds on a 1% agarose gel, and laser- 
scanning a negafive of the eihidojm bromide-stahed DMA. 
ftBeaBterAlnanflafllnltvof thfl hflmiQnBhSH(E174S. PI76Y> 

20 the fact that a single done was isolated from two diibrent pathways of selection (Fg. 3) suggested 

that the double mutent (E174S,F176Y) binds strongly to hGHI^. To detennine the affinity of this mutant of 
hGH for hGHbp. we oonsinjded this mutant of hGH by site-direded mutagenesis, using a piasmid (pB0720) 
whidi contains the wBd^ hGH gene as template and the following offigonudeolide whidi changes codons 1 74 and 
176: 

25 hGH codon: 172 174 176 178 

Lys Ser Tyr Arg 

5'- ATG GAC AAG GTfi IQS ACA T^C CTG CGC ATC GIG -3' 



30 



The resulting conslnict, pH0458B, was transfomied into E. coli sirain T6C9 for expression of the mutant 
honnone. ScatchanJ analysis of compefilive binding of hGH(E174S.F176Y) versus 125h,gh to hGHbp indicated 
that the {E174S.F176Y) mutant has a binding affinity at least 5.0-fold fighter than that of vwld-type hGH. 
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EXAMPL£Vill 

SELECTION OF hGH VARIAI4TS FROM A 
5 HEIJX4 RANDOM CASSETTE UBRARY OF HORMONE-PHAGE 

Human growth hormone variants were produced by the method of the present invention using the 

phagemid described in figure 9. 

We designed a vector for cassette mutagenesis (Wells et al., fifios 34, 315-323 [1985]) and expression 
10 of the hQH*gene III fusion protein with the ot)jectives of (1 ) impn)vlng the linkage between hGH and the gene III 
moiety to more favorably display the hGH moiety on the phage (2) limiting expression of the fusion protein to 
obtain essentially 'monovalent display,' (3) allowing for restriction nuclease selection against the starting vector, 
(4) eliminating expression of fusion protein from the starting vector, and (5) achieving facile expression of the 
corresponding free hormone from a given hGH-gene III fusion mutant 
1 5 Plasmid pS0643 was constnjcted by oligonucleotideKlirected mutagenesis (Kunkel et al., MsMia 

Enzymol. 154, 367^2 [1987]) Of pS0132, whk:h contains pBR322 and f1 origins of replication and expresses an 
hGH-gene III fuston protein (hGH residues 1-191 , foitowed by a single Gly resklue, fused to Pro-198 of gene III) 
under the control of the E. coll p hoA promoter (Bass et al., Proteins 8, 309-314 (1990])(Rgure 9). Mutagenesis 
was carried out with the oligonucleotWe 5'-GGC-AGC-TGT-GGC-T TC-TAG-AG T-GGC>GGC-GGC-TCT- 
20 GGT-3\ which introduces a ^SM site (underBned) and an amber stop codon (TAG) following Phe-191 of hGH. In 
the resulting construct, pS0643, a portion of gene III was deleted, and two silent mutations (undertined) 
occurred, yielding the foltowing junctton between hGH and gene III: 

hGH > gene in ^> 

25 187 188 189 190 191 am* 249 250 251 252 253 254 

Cfy Ser Cys CSy Fhe du Ser Qy Qy Qy Ser Cfy 

aOCMXi TGT GC^ TIC TAG ABT GQ£ GOT GGC TCT GGT 

This shortens the total size of the fusion protein from 401 residues in pS0132 to 350 residues in 
30 pS0643. Experiments using monoclonal antibodies against hGH have demonstrated that the hGH porfion of the 
new fusion protein, assembled on a phage particle, is more accessible than was the previous, longer fusion. 

For propagation of hormone<lisplaying phage, pS0643 and derivatives can be grown in a amber- 
suppressor strain of LM. such as JM101 or XLI-Blue (Bullock et al., BloTechnlgues 5, 376-379 [1987]). Shown 
above is substitution of Glu at the amber codon which occurs in £uqE suppressor strains. Suppression with other 
35 amino adds is also possible in various available strains of E. ooli weO iw)wn and publically available. 

To express hGH (or mutants) free of the gene III portion of the fusion, pS0643 and derivatives can 
simply be grown in a non-suppressor strain such as 16C9. In this case, the amber codon (TAG) leads to 
tennination of translation, which yields free homtone, without the need for an independent DNA constmction. 

To create sites for cassette mutagenesis, pS0643 was mutated with the oligonucleotides (1) 5-CGG- 
40 ACT-6GG-CAQ:AIAJTC-AAG-CAG-ACC-3', which destroys the unique Ml site of pS0643; (2) 5'-CTC- 
AAG-AAC-TAC- GGG-TTA-CCC -TGA-CTG-CTT-CAG-QAA-GG-3'. which inserts a unique BstEII site, a 
single-base frameshift, and a non-amber stop codon (TGA); and (3) 5'-CGC-ATC-GTG«CAG-TGC >AGA-TCT- 
GTG-GAG-GG&3*, which introduces a new figlU site, to yield the starting vector, pH0S09. The addition of a 
frameshift along with a TGA stop codon insures that no genelll-fusion can be produced from the starting vector. 
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The fislHl-figlll segment is cutout of pH0509 and replaced with a DNA cassette, mulaied at the codons of 

interest Other restriction sites lor cassette mutagenesis at other locations in hOH have also beenmiroduced Into 

the honnoneiJhage vector. 

r.asMWamuiaflenesls within henx4Qf hGH 
5 codons172J74J76and178 ofhGHwerBtargetedferrandommutageneslstiecausethByaniieonor 

near the surface of hGH and conlribule signilicanlly to leceptor-tjlnding (Cunningham and Vtells. SsaSBBSi 244. 

1081-1085 [1989D;lhey all Be wllhin a wetWeHned strudupe. occupying 2 Turns" on the same side of helix 4; 

andthey are each sufasliluisd byat least one amino add among knoMin evob^^ 

We chose to subsUtule NNS (H'MQICn; S«Q«5) at each of the target residues. The choice of the 
1 0 NNS degenerate sequence yields 32 possible codons (including at least one codonfcr each amino ackJ) at4 sites. 

for a total of P2)*» 1.048^76 possWe nucleotide sequences, or (20)*« 160,000 posslt)le polypeptide 

sequences. Only one stop codon, amber (TAG). Is allowed by this choice of codons. and this codon is suppressible 

as Bill in supE strains of EjgriL 

Two degenerate oligonucleotides, with NNS at codons 172, 174, 176. and 178, were synthesized, 
1 5 phosphorylaled, and annealed to constnjct the mutagenic cassette: S'-GT-TAC-TCT-ACT-GCTTTC-AGG- 

AAG-GAC-ATG-GAC-NNS-GTC-NNS-ACA-NNS-CTG-NNS-ATG-GTG-CAG-TGC-A-3'. and 5'-GA-TCT- 

GCA-CTG-CAC-GAT-SNN-CAG-SNM-TGT-SNN-GAG-SNN-GTC-CAT-GTC-CTT-CCT-GAA-GCA-GTA- 

GA-3'. 

The vector was prepared by digesting pH0509 with fislEll foBowed by Bglll. The products were run on 

20 a 1% agarose gel and the large fragment exdsed, phenol-extracted, and elhanol predpitaled. This fragment was 
treated with calf intestinal phosphatase (Boehringer), then phenolxhlorofonn extracted, ethanol precipitated, 
and resuspended for Ggation with the mutagenic cassette. 
Pn^aHnn BtftftinHtaTllhrRnrtn XLI-Blue cells 

Following ligation, the reacfion products were again dgested with fisO, *w» phenolJrtlorolbnn 

25 extracted, ethanol precipitated and resuspended in water. (A BslEU recognition site (GGTNACG) is created 
within cassettes which contain a fiat position 3 of codon 172 and an ACC(Thr) codon af 174. However. 
treatmentwithfislEliat this step should notseleclagahst anyofihe possible mutagenic cassettes, because 
vlrluaBy aD csBsetles wOl be h^roduplexes. which cannot be cleaved tyfte eraqpe.) Approximalely 150 ng (45 
imols) of DNAwasefeclroporaled WoXLI-Blue ceBs {1 J x lO^ ceB8lnOJ045 mL) ina 02 cm cuvette ata 

30 voltage settn^ of 2.49 kV with a Single pulse (time constant = 4.7 msec.). 

The cellswere allowed to recover 1 hourat370Cln S.O.Gfflediawlth shaMng. Ihenmixed with 25 mL 
2YT medium, 100 mgMiL carbenidlfin. and M13^«)7 (moi= 100). After 10' at 23OC. the culture was incubated 
overnight (15 hoi»s) at 370c with shaking. Plating of serial dDuttons from this culture onto carbenioilBn- 
contalning media indtoated that 3.9 x 10^ electrotransformanls were oblahed. 

35 After ovem^ht madation. ttie eels were peBeted. and double^trarxfed DNA (dsDNA). designated 

l*i0529E (fte inlta library), was prepared by the alkaline lysis method. The supernatant was spun again to 
remove any remaining cells, and the phage, designated phage pool (|>H0529E (the initial library of phage), were 
PEGi>redpllated and resuspended In 1 mLSTE buffer (l0mM Tris,pH7£, 1 mMEDTA,50mM Naa). Phage 
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titers were measured as oolony-formihg units (CFU) for the recombinant phagemid contahing hGH-g3p. 
Approximately 4 ^ x 10^3 CFU were obtained from the starting library. 
DegMiiiiaeif flf IhftfitarHnfl Hbtaiv 

From the pool of ebcirotransformants, SB dones were sequenced in the region of thaBstEii-Bptll 
5 cassette. Of these, 1 7% oonesponded to the slaring vector J7%oonlaiTO 

contained a non-silent (non-tenrdnating) mutation outside the four target oodons. We conclude that 41 % of the 
clones were defective fay one of Hie above rrieasuresi leavlrg a total 

transformants. This number still exceeds the possible nunber of DMA sequences by nearly 20-fold. Therefore, 
we are confident of having ail possible sequences represented in the starting library. 
1 0 We examined the sequences of non-seleded phage to evaluate Ihe degree of codon ttas in the 

mu^nesis (Table V). The results indicated tiat, although some codons (and arnino adds) are under- or over- 
represented relative to the random expectation, the library is extremely diverse, with no evMence of large-scale 
'sibling" degeneracy (Table VI). 

Table V. 

15 

Codon distribution (per 188 codons) of non-setected hormone phage. Ctones were sequenced from the starting 
librae (pH0529E). All codons were tabulated, Induding those from dones which contained spurious mutations 
and/or frameshifts. * Note: the amber stop codon (TAG) is suppressed as Glu in XLI-Blue cells. HighOghted 
codons were over/under-represented by 50% or more. 

20 





Residue 


Numb6r.e]iDssisd 


Number found 


Found/Expected 




Leu 




18 


1.0 


25 


Ser 




26 


15 




Arg 




10 


0.57 




Pro 


m 


16 


1.4 




Thr 




14 


^2 


30 


Ala 




13 


1.1 




Gly 




16 


1.4 




Val 


11.8 


4 


0.3 




le 


5.9 


2 


0.3 


35 


Met 


SJB 


1 


0.2 




Tyr 


5.9 


1 


0.2 




His 


5.9 


2 


0.3 




Trp 


5.9 


2 


0.3 




Phe 


5.9 


5 


0.9 


40 


Cys 


5.9 


5 


0.9 




Gh 


5.9 


7 


1.2 




Asn 


5.9 


14 


2.4 




Lys 


5.9 


11 


1.9 




Asp 


5.9 


9 


1.5 


45 


Gki 


5.9 


6 


1J) 




amber* 


5.9 


6 


1.0 
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TaUeVL 

5 asGlufiiXLI-BiueceOsareshovMiase. 

KeNT 
TWGS 
PeER 
10 LPPS 
SLOP 
QQSN 
GSia 
TPVT 
15 RSRA 
LCGL 
TGRL 
AKAS 
GNDD 



20 



KTPO 


CVLQ 


NNCR 
nriwn 


EASL 


FPCL 


SSKE 


NSDF 


ALU 


HRPS 


PSHP 


LSLe 


SYAP 


NGSK 


ASNG 


LTTE 


EANN 


PSGG 


KNAK 


LWFP 


SRGK 


PAGS 


GLOG 


GRAK 


NDPI 


GTN6 





pl^y ^HnHflmmoblUzed hGHbpandhPRUiD 

Immobflized hGHbp ("hGHbp-beads') was prepared as described (Bass et al, JEBfl^S. 309-314 
[1990]), except thatwikJ-lype hGHbp (Fuh et af.. ■> Rioi- Cham. 265, 3111-3115 [1990D was used. Competilive 
25 binding experiments «iilh [1 25|j hGH indicated hat 58 Itnols of lundional HGHbp were coupfed per jiL of bead 
suspensioa 

Immobilized liPRll)p f hPRUjp^jeadsr) was prepared as above, using the 21 1-residue extracellular 
domain of the pfoladin receptor (Cunningham et al.. SCiBnCB250. 1709-1712 [1990]). CompeBllve binding 
experimenlswilh [125||hGH in Ihe presence of 50 nM zinc Wicaled that i1 fmolsoflimclionalhPRLbpwerB 

30 coupledper^LofbeadsuspensiorL 

'Blank beads' were prepared by ireatitQ the oxirane4U»ylamide ^ 

9.2) for 15 hours at 4OC. 
prtfftyjpeiBdto using Itimoh^ 

Binding of horaiorie-phage to beads was earned out in one of the following buffers: Buffer A (PBS, 

35 05% BSA. 0.05% Tween 20»0.01% Wmerosal) for seleclions using hGHbp and Wank beads; Buffer B (50 mM 
tris pH 7S. 10 mM li*Cl2. 0£% BSA. 0j05% Tween 20, 100 mMZnCl2) for selecfons using hPRLbp in ihe 
presence of zinc {+ Zh2+); or Buffer C (PBS, 05% BSA. 0.05% Tween 20, 0.01% thlmerosai. 10 mM EDTA) for 
selecfions usii« hPRLbp in the absence of zinc (+ EDTA). Binding seleclions were carried out according to each 
of the following paths: (1) binding to blank beads, (2) binding to hGHbp^)eads, (3) binding to hPRLbp4)eads (+ 

40 Zn2+). (4) binding to hPRIip-beads (+ EDTA), (5) pre-adsorbing twfoe with hGHbp beads then binding the 
non-adsorbed fraction to hPRLbp-beads 

C-hGHbp, +hPRLbp* seieclion), or (6) pre-adsorbing twice with hPRU)p-beads then binding the non-adsorbed 
fraction to hGHbp^jeads ("-hPRU)?, +hGHbp* selection). The latter two procedures are expected to enrich 
for mutants binding hPRLbp but not hGHbp. or for mutants binding hGHbp but not hPRLbp, respectively. 
45 Binding and elulion of phage was carried out in each cycle as follows: 

1.BINDING: An aliquot of hormone phage (typically lO^ -10^0 cFU)was mixed wilh an equal amount of 
non-honnone phage (pCAT), diluled into the appropriate buffer (A, B, or C). and mixed with a 10 mL suspension 
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ofhGHbp,hPRLJbporblankb8adsinatotalvolum6Of200mLina1£ Thephagewere 
aOowed to bihd to the beads by incubating 1 hour at room temperature (23^0) with slow rotation (approximately 
7 RPM). Subsequent steps were earned out with a constant volume of 200|jd. and at room temperature. 

2. WASI^ES: The beads were spun 15 sec, and the supernatant was removed. To reduce the number of 
5 phage not spedRcaliy bound, the beads were washed 5 times by resuspending briefly in the appropriate buffer, 

then pellefing. 

3. hGHELUTI0N: Phage binding wealdyb) the beads were removed i)yeiulion with hGH. Thebeads 
were rotated with the appropriate buffer containing 400 rttLhGH for 15-17 hours. The supernatant was saved as 
the 'hGH etution' and the beads. The beads were washed by resuspending briefly in buffer and pelleting. 

1 0 4. GLYCINE ELUTiON: To remove the tightest-binding phage (i.e. those stiU bound after the hGH 

wash), beads were suspended in Glycine buffer (Buffer A plus 0.2 ^Glycine, pH 2.0 with HCI), rotated 1 hour and 
pelleted. The supernatant ("Glycine elution'; 200)xL) was neutralized by adding 30 mL of 1 M Tris base and 
stored at 4^ C. 

5. PROPAGATION: Aliquots from the hGH elutions and from the Glycine elulions from each set of 
1 5 beads under each set of conditions were used to infect separate cultures of log-phase XL1 -Blue cells. 

Transductions were carried out by mixing phage with 1 mL XLI-Blue cells, incubating 20 min. at 37^0, then adding 
K07 (moi= 100). Cultures (25 mL 2YT plus carbenicBlin) were grown as described above and the next pool of 
phage was prepared as desoibed above. 

Phage binding, elution, and propagation were carried out in successive rounds, according to the cycle 
20 described above. For example, the phage amplified from Ihe hGH elution from hGHbp-beads were again selected 
on hGHbp-beads and eluted with hGH, then used to infect a new culture of XL1 -Blue cells. Three to five rounds of 
selection and propagation were carried out for each of the selection procedures described above. 
DMASeryimlnqofsdB^ 

From the hGH and Glycine elufion steps of each cycle, an aliquot of phage was used to inoculate XLI-Blue 
25 eels, which were plated on LB media oontairting cariienicillin and tetracycline to obtain independent clones from 
each phage pool Single-stranded DNA was prepared from isolated colony and sequenced in the region of the 
mutagenic cassette. The results of ONA sequencing are summarized in temis of the deduced amino acid sequences 
in Figures 5, 6, 7, and 8. 

30 BaresslQn atrt afgay of hflH mm 

To detennine the binding affinity of some of the selected hGH mutants for the hGHbp, we transformed 
DNA from sequenced clones into strain 16C9. As described above, this is a non*suppressor strain which 
terminates translation of protein after the final Phe-191 residue of hGH. Single-stranded DNA was used for 
these transformations, but double-stranded DNA or even whole phage can be easily electroporated into a non- 
35 suppressor strain for expression of free hormone. 

Mutants of hGH were prepared from osmoticaily shocked cells by ammonium sulfate precipitation as 
described for hGH (Olson et al^ MuCfii 293, 408-41 1 [1981]), and protein concentralions were measured by 
laser densitomoetry ol Coomassie-stalned SDS-polyacrylamide gel electrophoresis gels, using hGH as standard 
(Cunningham and Wells, SfiifiDfifi 244, 1081-1085 [1989]). 
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The binding affinity of each mutant was detemiined by displacement of ^ ^1 hQH as described (Spencer 
Btal , J BioLChem. 263. 7862-7867 (19881 ; Fvh et al J Biol Chem.26S. 3111-3115 [1990]), using an anH- 
recepior monoclonal antibody (Mab263). 

The results for a number of hGH mutants, selected by different pathways (Fig. 6) are shown in TaUe 
5 Vil. Many of these mutants have a tighter binding affinity for hGHbp than wdd^ The most improved 
mutant. KSYR. has a b&iding affinity 5£ times greater than Snt of wU-type hGH. The weakest selected 
mutant, among those assayed was only about 104)Id lower in binding afRnily than hGH. 

Bincfing assitys mjty be earned out for mutants selected for hPRU)p4)in(fing. 

10 Table vn> 

Oompeauve btadlng lohGHbp 

The selected pool in which each mutant was found is indicated as 1 6 (first glycine selection), 3G (third 
glycine selection), 3H (tlurd hGH selecfion), 3* (Hiird selection, not binding to hPRLbp, but binding to hGHbp). 
15 ThenumberoffimeseachmulantoccurredamongaDsequencedclonesisshownO. 



20 



40 



Mutant 


Kd (nM) 


Kd(mut)/Kd(hGH) 


Pod 




DOS 4-001 


0.18 


1G,3G 


RSFR 


0.10 + 0.05 


0.30 


3G 


RAYR 


0.13 + 0.04 


0.37 


3* 


iOYK (2) 


0.16 + 0.04 


0.47 


H.3G 


RSYR (3) 


0.20 + 0.07 


0.58 


16.3H,3G 


KAYR (3) 


0.22 •(- 0.03 


0.66 


3G 


RFFR (2) 


0.26 -1- 0.05 


0.76 


3H 


KQYR 


0.33 + 0.03 


1J) 


36 


KEFR= wt (9) 


0.34+ 0.05 


IjO 


3H,3G,3* 


RTYH 


0.68+0.17 


2.0 


3H 


QRYR 


0.83 + 0.14 


2.5 


3* 


KKYK 


1.1 +0.4 


3.2 


3* 


RSFS (2) 


1.1 *02 


3.3 


36,*^ 


KSNR 


3.1 +0.4 


9.2 


3* 



AddMve and non-aricfrtive effects on titndinfl 

At some residues, sidtsititulion of a particular amino add has essentfaltyfw same effect independent of 
50 sumnjntSng residues. R)rexample.substtutionofF176YlnthebaAgroundof 172R/174Sreducesbinding 
affinity by 2.0-foid (RSFR vs. RSYR). Similarly, In the background of 172K/174A the binding affinity of the 
F176Y mutant (KAYR) is 2.9-fold weaker than the corresponcSng 1 76F mutant (KAFR; Cunningham and Weils, 
1989). 
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On the other hand, the binding constants detennined for several selected mutants of hGH demonstrate 
non^tlve effects of some amino add sul)Stitutions at residues 172. 174, 176. and 178. For example, in the 
badcground of 172K/176Y, the sul)Stitution E174S results in a mutant (KSYR) which binds hGHbp 3.7-fold 
tighter than the oonesponding mutant containing E174A (KAYR). However, in the background of 172R/176Y, 
5 the effects of these E174 substitutions are reversed. Here, the E174A mutant (RAYR) binds 1.5-fold tighter 
than the E174S mutant (RSYR). 

Such non-addtive effects on binding for subsUtutfons at proximal residues illustrate the ulility of 
protein-phage binding selection as a means of selecting optimized mutants from a library randomized at several 
positions. In the absence of detailed stnictural information, without such a selection process, many combinations of 
1 0 substitutions might be tried before finding the optimum mutanL 

EXAMPLE IX 

SELECTION OF hGH VARIANTS FROM A HEUX-1 RANDOM CASSERE 
1 5 UBRARY OF HORMONE-PHAGE 

Using the methods descrised in Example VIII, we targeted another region of hGH Involved in tending to 
the hGHt^ and/or hPRLbp, helix 1 residues 10, 14, 18, 21, for random mutagenesis in the phGHam«^p vector 
(also known as pS0643; see Example VIII). 

20 We chose to use the "amber hGH^3 construct (called phGHam-g3p) because it appears to make the 

target protein, hGH, more accessible for binding. This is supported by data from comparative ELISA assays of 
monocfonal antibody binding. Phage produced from both pS0132 (8. Bass, R. Greene, J. A. Wells, Proteins 8, 
309 (1990).) and phGHam^ were tested with three antibodies (Medix 2, 1B5.G2, and 5B7.C10) that are known 
to have binding ctetenninants near the carboxyl-tenninus of hGH [B. C. Cunningham, P. Jhurani, P. Ng, J. A. Wells, 

25 SdenceTM, 1330 (1989); B.C. Cunningham and J. A. Wblls, Stiencem, 1081 (1989);L. Jinand J. WeUs, 
unpublished results], and one antibody (Medix 1) that recognizes determinants In hefices 1 and 3 ([B. C. 
Cunningham, P. Jhurani, P. Ng, J. A. Wells, SdemiAZ, 1330 (1989); B. C. Cunningham and J: A. Wells, Science 
244, 1081 (1989)]). Phagemid particles from phGHam-g3 reacted much more strongly wth antibodies Medix 2, 
1B5.G2, and 5B7.C10 than dd phagemid particles from pS0l32. In particular, landing of pS0132 particles was 

30 reduced by >2000-fokl for both Medix 2 and SB7«C10 and reduced by >2S-foU for 1B5.G2 compared to binding 
to Medix 1 . On the other hand, binding of phGHam-g3 phage was weaker by only about 1 .54oU, 1 2-fold, and 2JS- 
fokJ for the Medix 2, 1B5.G2, and 5B7.C10 antibocBes, respectively, compared with bindng to MEDIX 1. 
Constructton of the helbclllbrafvbv cassette mutagenesis 

We mutated residues in hdix 1 that were previously kientified by alahine-scanning mutagenesis [B. C. 

35 Cunningham, P. Jhurani, P. Ng, J. A. Wells, Science 243, 1330 (1989); B. C. Cunningham and J. A. Wells. S(^nce 
244, 1081 (1989), 15. 16) to modulate the binding of the extracellular domains of the hGH and/or hPRL 
receptors (called hGHbp and hPRLbp, respectively). Cassette mutegenesis was canied out essendaDy as 
described (J. A. Wells, M. Vasser, D. B. Powers, Gene 34, 315 (1985)]. This library was oonstnicted by cassette 
mutagenesis that fully mutated four residues at a bme (see Example VIII) which utilized a mutated version of 

40 phGHam-g3 into which unique Kpnl (at hGH codon 27)and Xho\ (at hGH codon 6) restriction sites (underiined 
betow) had been inserted by mutagenesis [ T. A. Kunl^el. J. D. Roberts, R. A. Zakour, Methods Enzymol. 154, 367- 
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382) with the oligonucleotides S'-GCC TTT GAC Afi£ia££AG GAG TTT G-3' and 5'-CCA ACT ATA CCA 
C Tp TCG AfiG TCT ATT CGA TAA C-3', respecfively. The later oligo also Mreduced a +1 frameshW 
(italicized) to term&iate translation trom the starting vector and minimize wDd-^ baclground in the phagemid 
Obrary. This strafing vector was designated pH0508B. The heDx 1 Dbraty, which mulaled hQH residues 10, 14. 
5 18, 21, was consmxied by l^ng to the large Xtol-Kjonl fragment of pHOSOBB a eassetia made from ttie 
complementary oligonucleotides 5'-pTC6 AGG CTC NNS GAC AAC GOG NNS CTG CGT QCT NNS C6T CTT 
NNS CAS CTG 6CC TTT GAC ACQ TAC^ and ff-pQT QTC AAA GGC CA6 CTG SNN AAG ACG SNN AGC 
ACGCAGSNNCGCerrGTCSNNGAGCC^'. The site was destroyed in Ihejuncfion of the ligation 
product so that leslrictlori en^ digestiori could be used for analysis of notHnutaM 

1 0 The library oonyned at least 10^ independent tansfixmants so that If the Ibrary were absolutely 

random (10^ diilbrent combinallons of codons) we would have an average of about 10 copies of each possible 
mmated hGH gene. Restriction analysis using Kjonl indicated that at least 80% of heDx i library constructs 
contained the inserted cassette. 

Binding enrichments of hGifptiage from the libraries was carried out using hGHbp immobilized on 

1 5 ojdraneiiolyacnilamide beacfe (Sigma Chem'cal Co.) as described (Example VIII). i^r residues \n heBx 1 (FIG, 
MU, H18, and H21) were similarly mutated and after 4 and 6 cycles a nonnmld-type consensus developed (Table 
VIII). t^sllion 10 oh the hydrophobic face of helix 1 tended to be hydrophobic whereas positions 21 and 18 on the 
hydrophiinc face tended were dominated by Asn; no obvious consensus was evident for position 14 (Table IX). 
The binding constants for these mutants of hGH to hGHbp was determined by expressing the free 

20 hormone variants in the non-suppressor £ constrain 16C9, purifying the protein, and assaying by competitive 
displacement of labelled wt-hGH from hGHbp (see Example VIII). As indicated, several mutants bind lighter to 
hGHbp than does wt-hGH. 
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Table VIII. 
Selection of hGH helix 1 mutants 

Variants of hGH (randomly mutated at residues FIG, M14, H18, H21) expressed on phagemid 
5 partides were selected by binding to tiGIHbp-beads and eluting with hGH (0.4 m/M) buffer 
followed by glycine (0.2 M. pH 2) buffer (see Example Vill). 
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Table iX 

Consensussequences torn the setectedhenxlianiy 

5 c}bservedfre<^ncyfsfiacitonofanck)nes8equencedwi^ 

calculated on the basts of NNS 32 codon degeneracy. The maximal enrichment {actor varies from 11 to 32 
depending upon the nominal frequency value for a given residue. Values of [Kd(Ala mut)/K(j(wt hGH)] for single 
a&ninemulationsweretalcenftom B.C. Cunningham and J. A. Wells. Stsfence 244. 1081 (1989); B. C.Cunningham. 
D. J. Henner. J. A. Wells. Stienoe 247. 1461 (1990); B. 0. Cunningham and J. A. Wells, Pmc NaB. AcatL Set USA 
10 88.3407(1991). 
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Table X 

Binding of putted M»1 heta 1 mubnis 10 liGHbp 

5 Competition l)inding experiments were performed using p ^^llhGH (wild-type), hGHbp (containing ttie 
extracellular receptor domain, residues 1-238), and Mal)263 {B. C. Cwmin^em, P. Jhuiani, P. Ng, J. A. WeOs, 
SciBnoe 243. 1330 (1989)]-,. The numtier P Indicates the iiadional occurrence of each mutant among sdl the clones 
sequenced after one or more rounds of selectiaa 

10 Sequence posilion P Kd (nM)\f(Kd muQ Kd(wt hGH}) 
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25 

EXAMPLEX 

SELECTION OF hGH VARIANTS FROM A HEUX4 RANDOM CASSEHE UBRARY CONTAINING 
PREVIOUSLY POUND MUTATIONS BY ENRICHMENT OF HORMONE-PH AGE 

30 Design cf mutant preMns wHh Imorevgd Mndlna prenertlcs bv tieratlve setecflon using hommnfrfihaye 

Our experience with recnjiting non-binding homologs of hGH evolutionary variants suggests that many 
individual amino acid substitutions can be comtdned to yield cumulatively improved mutants of hGH wth respect to 
binding a particular receptor (B. C. Cunningham, D. J. Henner, J. A. Wells, Stienoe 247, 1461 (1990); B. C. 
Cunningham and J. A. Wells, Proc. Nail Acad. ScL USA 88, 3407 (1991); K B. Lowman, B. C. Cumingham, J. A. 

35 Wells, J. Biol. Chem. 266, In press (1991 )]. 

The helix 4b library was constructed in an attempt to further improve the helix 4 double mutant 
(E174S/F176Y) selected from the helix 4a library that we found bound tighter to the hGH receptor (see 
Example VIII). With the El 74S/F1 76Y hGH mutant as the background starting hormone, residues were mutated 
that surrounded positions 174 and 176 on the hydrophilic face of helix 4 (R167, D171, T175 and 1179) . 

40 Construction of the helix 4b libran/ bv cassette mutagenesis 

Cassette mutagenesis was canied out essentially as described [J. A. Wells, M. Vasser, D. B. Powers. 
Gem 34, 315 (1985)]. The helix 4b library, which mutated residues 167, 171, 175 and 179 within the 
E174S/F176Y baclcground, was constructed using cassette mutagenesis that fully mutated four residues at a 
time (see Example VIII) and which utiGzed a mutated version of phGl^am-gS into which unique Ssfai and ^ill 
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restriction sites had been inserted previousiy (Example VIII). Into ttw BstB\-Bga\ sites of ttie vector was inserted 
a cassette made from the complementaiy olfgonudeolides y-pG TTk CTC TAG T6C TTC NNS AAQ GAC ATG 
NNS AAG GTC AGC NNS TAG CTG GGG NNS GTG GAG TGG A-3' and 5*-pGA TGT GGA GTG GAG SNN 
GCG CAG GTA SNN 6CT GAC CTT SNN CAT GTC CTT SNN GAA GGA GTA GA-3'. The BsOl Site «as 
5 efiminated in the l^ted cassette. From the heOx 4b Btxary, 15 unseleded dones were sequenced. Of these, none 
laciffid a cassette insert, 20% were trame-shifled, and 7% had a non^lent muiation. 
paoidtcnfHfiHUaenfMrnent 

Binding enrichments of hGH-phage from the Glxaries was caniedout using hGHbp immobilized on 
Q)dranei)olyacryiam!debeads(Sigma Chemical CD.>a8d88cribed(ExampleV^^^^ After 6 cydes of binding a 
10 reasonablyciearconsen8usdeveloped(TableXI). mtaresfngly. all positions tended to contain polar residues, 
notab^ Ser, Thr and Asn (XII). 

The bindvig constants for some of these mutants of hOH to hGHbp was detennined by expressing the 
free hormone variants in the non^uppressor £ coff strain 16G9, puri^ the protein, and assaying by competitive 
1 5 displacement of labeBed wt-hGH from hGHbp (see Example VW). As indicated, the binding affinities of several 
heiix-4b mutants for hGHbp were than that of wHiGH Table xni). 

R«Hipi»r.Mlee«vHyafhGH variants 

Hnal^. we have begun to analyze the binding affini^ of several of the tighter hGHbp binding mutants 
for thefr abili^ to bind to the hPRiJ)p. The E174S/F176Y mutant binds 200-fold weaker to the hPRLbp than 
20 hGH. The Et74T/F176Y/R178K and R167NA)171S/E174»F176Y/I179T mutants each bind >500-fold weaker 
to the hPRLbp than hGH. Thus, it is possible to use the produce new receptor selective mutants of hGH by phage 
displaytechnology. 

Hflfn Wf^l*^'"'"'^^^' ^ ''^"*'"''*™^ 

Of the 12 resMues mutated In three hGH-phagemId libraries (Examples VIII, IX, X), 4 showed a strong, 

25 although notexclusive,consenration of the vinld4yperBsWues(K172,T175,F176, and R178). Not surprisingly, 
these were residues that when converted to Ala caused the largest disruptions (4- to 60-feid) in binding affinity 
to the hGHbp. There wasa dass of 4 other residues (F10, M14, D171, and 1179) where Ala substitufions caused 
weaker effects on binding (2- to 7-fokl) and these posifions exhibited fittie wiW4ype consensus. Finally the other 
4 residues (HI 8, H21 , R167, and El 74), that promote binding to he hPRUjp but not the hGHbp. did not exhibit 

30 any consensus for the wild-type hGH sequence by selection on hGHbp^aaits. In facttwo resiAies (E174 and 
H21). where Ala substitufions enhance binding affinity to the hGHbp by 2- to 4-fold (B. C. Cunningham, P. 
Jhuiani, P. Ng, J. A. Wells, SCfence 243, 1330 (1989); B. C. Qurtngham and J. A. Wels. Scianoe 244. 1081 
(1989); B. C. Cmin^. D. J. Henner. J. A. Wels. Sdence TXT. 1461 (1990); B. G. Cuiningham and J. A. Wells, 
Pmc NaS. Acad. StiL USA 88, 3407 (1991)]. Thus, the aianine-scaming mutegene^ date correlates reasonably 

35 well with the ftexibiEtyto substitute each podlion. In tect.ttiereducliim in binfingafM 

substltulionsIB. C. Cunningham, P. JhutanI, P. Ng. J: A. Wells, Sb«8«»243. 1330(1989); B. C. Cunningham and 
J. A. Wens, SCfence2M, 1081 (1989)1. B- C. Cunningharo. D. J. Henner. J. A. Wells, Sdenoe 247, 1461 (1990); B. 
C. Cunningham and J. A. Wells, Pmc m. Acad. Sci. USA 88, 3407 (1991)] is a reasonable predictor of the 
perceiiage that the wid-^ residue is found in the phagemid pool after 3-6 rounds of selecSon. The alarrine- 
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scanning inibnnation is useful for targeting side-chains that modulate l)lnding, and the phage selection is 
appropriate for optimizlrig them and defining the llexil)ility of each site (and/or combinations of sites) for 
sutistitulioa The comtiination of scanning mutational methods [B. C. Cunnins^, P. JhuranI, P. Ng, J. A. WeDs, 
Sdence 243, 1330 (1989); B. C. Cunningham and J. A. Wells, Sdenoe 244. 1081 (1989)] and phage (Ssplay is a 
5 powerful approach to designing receplor-llgand interfaces and studying molecular evolution in vfflro. 
ViirialliMmitimliweenrfch^ 

In cases where combined mutations in hGH have additive effects on binding affinity to receptor, 
mutations learned through hormone-phagemid enrichment to improve binding can be combined by simple cutting 
and ligafion of restriction fragmenis or mutagenesis to yield cumulatively optimized mutants of hGH. 

10 On the other hand, mutations in one region of hGH which optimize receptor binding may be stnjcturally or 

funcGonafly Incompatibie with mutations in an overlapping or another region of the molecule. In these cases, 
hormone phagemid enrichment can be carried out by one of several variations on the iterative enrlOment approacti : 
(1) random ON A libraries can be generated in each of two (or perhaps more) regions of the molecule by cassette 
or another mutagenesis method. Thereafter, a combined library can be created by ligation of restriction 

1 5 fragments from the two DNA libraries; (2) an hGH variant, optimized for binding by mutation in one region of the 
molecule, can be randomly mutated in a second region of the molecule as in the helix-4b library example; (3) two or 
more random libraries can be partjally selected for improved binding by homione-phagemid enrichment; after this 
Voughing-in' of the optimized binding site, the still-partially-diverse libraries can be recombined by ligation of 
restriction fragments to generate a single library, partially diverse in two or more regions of the molecules, which 

20 in turn can be further selected for optimized binding using hormone-phagemid enrichment. 
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TabteXL 

HuiaM phaoemids hGH seleeMftm heb4b nn^ 

Selection of hGH helix 4b mutants (randomly mutated at residues 167, 1 71 , 1 75. 179), each conlain&v the E174SF1 76Y 
double mutant, by binding to hGHbp^ds and eluUng with hGH (0.4.mM) bufiarlolioiwd by glycine (0.2 M, pH 2) buffer. 
5 One mutant (•») contained the spurious muta6onR178H. 
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^**l!mi8»aBlBclBdllb»y 

Observed ireqimy is fraction of alctones sequenced with tt» The nominal frequency 

is caiculaled on the basis of MVS 32 oodon degeneracy. Theinaximalenrichmenlfaciorvariesfromllto16to32 

5 depending upon the noininal frequency vahje for a given residue. Vialues of [i<d(AlainuQ/Kd(wth6H)] for single 

alanine mulafons were taken from refs. below; for position 1 75 we only have a value for the T175S mutant (B. C. 

Cunriirqham. P. Jhurani, P. Ng. J. A. WeHs, SciiBnoe 243. 1330 (1989); B. C. Cunningham and J. A WeOs. Science 244, 

1081 (1989); a C. Cunningham, D. J. Henner, J. A. Wells. Science 247, 1461 (1990); B. C. Cunningham and «l. A. WeUs, 

Proc Natl. Acad. Sd. USA 88. 3407 (1991).]. 
10 



Wild type Selected Fraqueney 
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TBbiexia 

Bindng of puOed hGH tnutantsto MSHbp: 
Competition binding experiments were perfonned using [i^Sp^H (wikh^). hQHbp (containing the 
30 extracellular receptor domain, residues 1-238), and Mab263 (11). The number P Indicates the fractional 
occurrence of each mutant among all the clones sequenced after one or more rounds of selection. Mole that the 
helix 4b mutations (*) are In the background of hQH(E174S/F176Y). In the list of helix 4b mutants., the 
E174S/F176Y mutant (*). wilh wt residues at 167. 171, 175, 179, Is shown in bold. 
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Assently d Fdb Molecuteonihe PIqgeinidSurface 

Cnnsinieaon nfpfaqiiMB 

Pbsmid pDH 188 contains ttie DMA encoding the Fd) porlibn of a humanized IgG st&xOf. caled 4D5, 
5 ihatrecognizes the HER2 receptor. iHspiasinidisoontainedinEcitfstialnSRIOI.andhasbeendeposited 

with the ATCC in Rockvife. MD. 

Briei^, the plasmld was prepared as Ibllows: the starting piasfflld 
phosphatasepronwterasdesciiiiedabove. TheDIMenoodihghumangioiNthhomionewas«(Cisedand,aftBra 
series of manipulations to make the ends of the pbsmid compatible for Rg^n. the DNA encoding 405 was 

10 Inserted. The 405 DNA contaim two genes. The first gene encodes the variable and constant regions of the Hght 
chain, and contains atits 5- end the ONA encoding the St II signal sequence. The second gene contains lour . 
portions: firetatitsS'endistheONAencorSng the st II signal sequence. TKsisftiDowedlqrtheONA encoding 
ttie rar^ dbmah of he heavy chain, whfch is fbOowed by the ONA encodng the first domain of the heavy chah 
constattregbn, wHchintuinisfbltowedbythe DNA encoding the M13 gene III. The salient features of this 

15 conslnjctare shown in Figure 10. The sequence of the DNAencodtng 405 is shown m Figure 11. 
g gflglwnsfann irtnn and phane nreducBon. 

Both polyethylene glycol (PEG) and electroporafion were used to transibnn plasmids Uo SRiOt cells. 
(PEG competent cells were prepared and transfomied according to the method of Chung and Miller {Nucleic 
Adds /?e& 16:3580 [1988]). Cells that were competent for electroporafion were prepared, and subsequentiy 

20 transformed viaeieclroporatton accoRfmg to the method of Zabarovskyand Winberg [NudeicAtids Res. 18:5912 
(1990]). After plaang the cells in 1 ml of the SOC media (described in Sambrook etaL, supra), they were grown 
for 1 hour at 37*>C with shaking. At tiiis time, the concentration of the cells was detennined using light scattering 
at OD600- A fitered K07 phage stock was added to achieve an multiplicity of infection (MOI) of 100. and ttte 
phage were altowed to adhere to ttie cells for 20 minutes at room temperature. TNs mbdure was then diluted bito 

25 25 mis of 2YT brotti (described In Samtmok ef a/., supra) and incubated with shaking at 37<*C overnight The 
next day. cells were pelleted by centrifiigation at 5000 x g for 10 m&utes, the supernatant was coiected. and the 
phage particles were precipitated wRh OSU NaCI and 4% PEG (final concentration) at room temperature for 10 
mbiutes. Phage particles were pelleted by cenlrifugation at lOjOOO x g for 10 minutes, resuspended in 1 ml of TEN 
(10 mM Tris. pH 7J6. 1 mM EDTA, and 150 mM NaCI), and stored at40C. 

30 PmdiietiBn af amteen coated Plates. 

Alquots of 0.5 ml from a solution of 0.1 mg/mi of tt» extra-cellular domain of ttie HER-2 antigen (ECO) 
orasolutionof0.5mg/mlofBSA(controiantigen)inO,1 M sodium bfcarbonate,pH 85 were used to coat one well 
of a Falcon 12 weB fissue ctdture plate. Once ttie solutkm was applied to tt» wells, ttie plates were Incubated at 
40C on a roddng plalfonn ovemi^L The plates were Sen btocked by removing ttie Inifiai sohition. applying 05 ml 

35 of blocking buffer ^ mgAnI BSA in 0.1 M sodum bicaibonate), and inodattng at room temperature for one hour. 
Rnaliy. ttie btocMng butter was removed, 1 ml of butter A (PBS, D J% BSA. and 0J)5% Tween-20) was added, 
and ttie plates were stored up to 10 daysat40C before being used for phage setectkm. 
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ApproxbnatBly 10^ phage partides were mixed wilh a 100*fold excess of K07 helper phage and 1 ml of 
buff^ A . This mixture was divided Wlo two OS ml aliquots; one of which was applied to ECO coated weDs, and 
the other was appHed to BSA coated weBs. The plates were Incubated at room temperature while shaking for one 
5 to three hours, and were then washed three times over a period of 30 minutes with 1 ml aliquots of buffer A. 
Elution of the phsqe from the plates was done at room temperature by one of two methods: 1 ) an initial overnight 
incubation of 0i)25 mg/ml puriiied IMu4D5 antibody (murine) followed liy a 30 minuto incubation with 0.4 ml of 
the add elution buffer {02 U glycine. pH 2.1, 0.5% BSA, and 0.05% Tween-20), or 2) an incubation with the add 
elution buffer atone. Eluates were then neutralized with 1 M Tris base, and a Oi mi aliquot of TEN was added. 
1 0 These samples were then propagated, titered, and stored at 4"^. 
phage prppaqaHon 

Aliquots of eluted phage were added to 0.4 ml of 2YT broth and mixed with approximately 10^ mid-log 
phase male E co// strain SR101. Phage were allowed to adhere to the cells for 20 minutes at room temperature 
afKl then added to 5 ml of 2YT broth that contained 50 fig/ml of carbenidilin and 5 \iglm\ of tetracycline. These 
1 5 cells were grown at ST'C for 4 to 8 hours until they reached mid-log phase. The ODgoo was determined, and the 
cells were superinfected with K07 helper phage for phage production. Once phage partides were obtained, they 
were titered in order to detennine the number of colony terming units (cfu). This was done by talking aliquots of 
serial dilutions of a given phage stodc, altowing them to infect mid-log phase SR101. and plating on LB plates 
conteining 50 \)gMil carbenidilin. 

20 Rl A affinity (tetemlnatloa 

The affinity of h405 Fab fragments and Fab P^aO^ fe^ ^ ^CD antigen was detennined using a 
competitive receptor binding RIA (Burt, D. R., Receptor BincBng In Drug Research. O'Brien, R.A. (Ed.), pp. 3- 
29, Dekker, New Yoric [1986]). The ECO antigen was iabefed with ^^-lodine using the sequential chloramine-T 
method (De Larco, J. E. etal^ J. Cell Physiol. 109:143-152 11981]) wNch produced a radoacGve tracer with a 

25 spedfic acfivity of 14}iCi/pg and incorporation of 0.47 moles of iodne per mote of receptor. A series of 0.2 ml 
solultons containing 0.5 ng (by ELISA) of Fab or Fab Phage» 50 nCi of ^^1 ECD tracer, and a range of unlabeled 
ECD amounte (6.4 ng to 3277ng) were prepared and inod>ated at room temperaturo overnight The tabeted 
ECD-Fab or ECD-Fab phage comptex was separated from the unbound labeled antigen by forming an aggregate 
comptex Induced by the addition of an anti-human IgG (Fitzgerald 40<6H23) and 6% PEG 8000. The complex was 

30 pelleted by centrifugation (15,000 x g for 20 minutes) and the amount of Iabefed ECD (in cpm) was detennined 
by a gamma counter. The dissociation constent (Kd) was calculated by emptoying a modiffed version of the 
[SfOffm LIGAND (Munson, P. and Rolhbard, D.. AnaL aochem. 107220-239 [1980]) which utiRzes Scatohard 
analysis (Scatdiard, NX Acad, Stf. 51 £80-672 (1949]). The Kd values are shown in Rgure 13. 



35 Murine 4D5 antibody was Iabefed with 125-1 to a spedfic activity of 40-50 (iCi/^ using the lodogen 

procedure. Solutfons containing a constant amount of tabeled antibody and increasing amounte of unlabeted variant 
Fab were prepared and added to near confluent cultures of SK-BR-3 cells grown in 96-well microliter dishes 
(final concentration of labeled antibody was 0.1 nM). After an overnight incubation at A^'C, the supernatant was 
removed, the cells were washed and the cell assodated radioactivity was detennined in a gamma counter. Kd 
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values were detemined by analyziifl Ihe dala using a modlied verstonof the program UGAND (Munson. P. and 
Rothbatd, D., supra) 

This deposit of plasmid pDH188 ATCC r». 68663 was made under Itie provisions of ttie Budapest 
Treaty on the Intemationai Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure 
5 andtheReguIalionsthereunder(BudapestTreaty).Thlsa8SurBsmainlenanceofaviableaJ^ 

from the date of deposit. The organisms win l» made availaiile by ATCC underihe temis of the Budapest 
TrBaly,andsul)jecttoanagreementbetweenGenenlBcli.lnc.andATCC.wKChasa^ 
unrestricted availabBity of the progeny of the cultures to the public upon issuance of the pertinent U.S. patent or 
upon laying open talhe public of anyU.&or foreign patent appOcalion. whichever comes fi^ 
10 availability of the progeny to one detennined by 1heU.S. Commissioner of Patents and Tradem^ 

thereto according to 35 USC §122 and the Commissioner* rules pursuant thereto (Including 37 CFR §1.14 witti 

particular reference to 886 OG 638). 

The assignee of the present application has agreed that If the cultures on deposit should die or be lost 
or destroyed when cultivated under suitable conditions, they wiB be promptly replaced on notilication with a viable 
15 specimen ofthe same culture. AvailaMi^ of Ihe deposited cultures is not to be conslnjed as a license to practice 
the invenfion In contravention of the rights granted under the authority of any government In accordance with its 



The foregoing written specilicafion is considered to be sufficient to enable one skilled in the art to 
practice the Invention. The present Invention is not to be limited In scope by the cultures deposited, since the 

20 deposited embodiments ate intended as separate illustrations of certain aspects of the invention and any cultures 
that are funclionjdiy equivalent are within the scope of this hvenfioa The deposit of material herein does not 
constitute an admission that the written description herein contained is inadequate to enable the practice of any 
aspect of the invention, including the best mode thereof, nor is It to be construed as limiting the scope of the 
claims to the spedfic iDustrations that it represents. Indeed, various modifications of the inverjfion in addition to . 

25 those shown and described herein wiD become apparent to those skilled in the art from the foregoing description 
and fan within the scope of the appended claims. 

While the invention has necessarily been described in conjunction with preferred embodimertfs, one of 
ordinary skill, after reading the foregoing spedficafion, wHI be able to effect various changes, substituttons of 
equivalents, and alterations to the subject matter set forth herein, without departing from the spirit and scope 

30 thereof. Hence, the invention can be practfced in ways other than those spedlically described herein. His 

therefore intended that the protection granted by Letters Patent hereon be ftnited only by the appended claims 
and equvalents thereof. 
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EXAMPLE XII 

SELECTION OF UGH VARIANTS FROM COMBINATIONS OF HEUX-1 AND HEUX4 HORMONE-PHAGE 

VARIANTS 

5 Construction of addltfvft variants of 

According to additivity principles [J. A. Wells, Biochemistry 2i, 8509 (1990)], mutations in different 
parts of a protein, if they are not mutually interacting, are expected to combine to produce additive changes in the 
free energy of bindlrig to another molecule (changes are additive in terms of MGbinding. or multiplicative in 
temts of Kd s exp[-AG/RTl ). Thus a mutation producing a 2-fbld increase h binding affinity, when^oombined 
10 with a second mutation causing a 3-fold increase, would be predicted to yield a double mutant with a 6-fbld 
increased affinity over the starting variant 

To test whether multiple mutations obtained from hGH-phage selections would produce cumulatively 
favorable effects on hGHbp (hQH-binding protein; the extracellular domain of the hGH receptor) binding, we 
combined mutations found In the three tightest-bMing variants of hGH from the helix-1 library (Example IX: 

1 5 F10A/M14W/Ht8D/H21N, F10H/M14G/H18Nft{21N, and F10F/M14Sft118F/H21L) with those found in the 
three tightest binding variants found in the hellx-4b library (Example X: R167N/D17lsn'17S/l17gT, 
R167E/D171Sn'175/l179, and R167Nrt)171N/T175/l179T). 

hGH-phagemid double-stranded DNA (dsDNA) from each of the one-helix variants was isolated and 
digested with the restriction enzymes EcofH and BstXI. The large fragment from each heiix-4b variant was then 

20 Isolated and ligated with the small fragment from each heIlx-1 variant to yield the new two4ielix variants shown in 
Table XIII. All of these variants also contained the mutations E174S/F176Y obtained in eariier hGH-phage bindoig 
selections (see Example X for details). 
Constmction of selective comMnatDrial libraries of hGH 

Although addltivity principles appear to hold for a number of combinations of mutations, some 

25 combinations (e.g. E174S with F176Y) are deariy non^dditive (see examples VIII and X). In order to identify 
with certainty the tightest binding variant with, for example, 4 mutations In helix-1 aDd 4 mutations in helix-4, one 
would ideally mutate ail 8 residues at once and then sort the pool for the globally tightest binding variant. 
However, such a pool would consist of 1.1 x 10^2 qna sequences (utilizing NNS codon degeneracy) encoding 2.6 x 
^0^^ different polypeptides. Obtaining a random phagemid library large enough to assure representation of all 

30 variants (pertiaps 10^3 transformants) is not practical using current transformation technology. 

We have addressed this difficulty first by utilizing successive rounds of mutagenesis, talcing the 
tightest binding variant from one library, then mutating other residues to ftffther improve binding (Example X). 
In a second method, we have utilized the principle of additivity to combine the best mutations from two 
independently sorted libraries to create multiple mutants with improved binding (described above). Here, we 

35 further searched ttvough the possible combinations of mutations at positions 10, 14, 18, 21 , 167, 171 , 175, and 
179 in hGH, by creating combinatorial libraries of random or partially-random mutants. We constructed three 
different combinatorial libraries of hGH-phagemids, using the pooled phagemids from the helix 1 library 
(independently sorted for 0, 2, or 4 cycles; Example IX) and the pool from the hellx-4b librae (independently 
sorted for 0. 2, or 4 cycles; Example X) and sorted the combined variant pool tor hGHbp binding. Since some 

40 amount of sequence diversity exists in each of these pools, the resulting combinatorial Bbrary can explore more 
sequence combinations than what we might construct manually (e^. Table XIII). 
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hGH-phagemkl double^tranded DMA (dsDNA) from each of tt»one^lix library pools (selected for 0, 
2, or 4 rounds) was isolated and digested with the reslriciion enzymes Aed and SstXl. Tiie large fragment from 
eact) helix-1 variant pool ms ttien isolated and igated with the smaD fragment from each helix-4b variant pool to 
yield ihe three comUnaloriai libraries pH0707A (gnselected heOx 1 and heOx 4b pools, as described in examples DC 
5 and X). pH0707B (Wce-selected heIix-1 pool with twioe^eclBd helix-4b pool)» and pHOTOTC (4^lme8 
selected helix-1 pool with 44mes selected hellx-4bpooQ. OupBcateOgalions were also set up with less DMA and 
designated as pH0707O, pHOTOTE, and pH0707F, corresponding to the 0-^-, and 4-round sterthig libraries 
respectively. M of Ihese variant pools also contained the mutations E174S/F17BYol)tained in ea^ 
binding selections (see Bomple X for debits). 

10 fii»llnnMii*halar Mllhi»te 

The Ggaftm producte PH0707A-F were processed md etectio^ransformed into XLI-Blue ceff^ 
described (Biample Vili). Based on colory-fonning urds (CPU), the number of transfonnants obtained from each 
pool was as fbltows: 2.4x106 from pHOTOTA, 1 AtKjB torn pH0707B. 1.ex106 from pH0707C, 8x105 from 
PH07O7D, 3xl05 from pH0707E, and 4x105 from pH0707F. hGH-phagemid particles were prepared and 

1 5 selected for h6Hbp4)inding over 2 to 7 cydes as described in Example Vill. 
Raiirri sflrthw otHftH^pmW Hhrarles 

In addition to sorting phagemid libraries for tiflht-binding protein variants, as measwed by equBlbrium 
binding affinity, it is of interest to sort for variants which are altered in either the on-rate (kon) w fhe off4ale 
(koff) of bWing to a receptor or other molecule. From thennodynamlcs, these rates are related to the 

20 equBibrium dissociation constant, Kd = (Kof^fon)- We envision that certain variants of a particular protein have 
similar nil's for bind&ig while hawng very different Icon's and koff s. Cfonversely, changes bi from one variant to 
another may be due to effects on kon. effects on koff. or both. The pharmacological properties of a prot^ may 
be dependent on binding affinify or on kon or koff, dependng on ttie d^ted mechanism of actfon. Here, we sought 
to ktenti^hGH variants wth higher wHates to investigate ttietffeclsof changes in libn. We envision that the 

25 selection could altemafively be weighted toward koff by increasing the binding time and increasing the wash fime 
andfor concentratfon with cognate ligand (hGH). 

From lime«)ur8e analysis of viiiid4ypeliGHiihagemid binding to immobilized hGlfi)p. it appears that, 
of Ihe totel hQI4i)hagemid partictes that can be eluted ifi the fM pH 2 wash (see Example VIII for th^ 
binding and elulfon protocol), less than 10% are bound after 1 rh'nute of inojbalton, wMte greater Sen 90% are 

30 bound after 15 minutes of incubatton. 

For *rapid4)in(Gng selecfon,' phagemid partfotes from the pH0707B pool (lwk»«lected for helices 1 
and 4 independently vrare incubated wdlhbnmobllzedhGHbp for only 1 minute, then washed six timm 1 mLof 
bindbig buffen the hGHmvash step was omitted; and the remairiig hGH-phagemid parUdes were eiuted with a 
pH2 (0.2M glydne in binding buffer) wash. Enrichment of hQHi)hagemid partkdes over nonnlisplaying partides 

3 5 indkated that even with a short bforSng period and no cognate-Bgand (hGH) challenge. hGH^emid bincfing 
sefedfon swts tighHx'ndir^ variante out Of a randomized pool 
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The binding oonstants for some of these mutants of hGH to hGHt)p was detemilned tv expressing the 
free hormone variants in the non-suppressor £ coli strain 16C9 or 34B8, purifying the protein, and assaying by 
competitive displacement of labeiled wt-hGH from hGHbp (see Example Vill) in a radiiHmmunoprec^tation assay. 
5 In Table Xill -A below, all Ihe variants have glutamatei74 replaced by serinei74 and phenyialanineiye replaced by 
tyrosinei76 (E174S and F1 176Y) plus the additional substitutions as Indicated at hGH amho add positions 10, 
14, 18, 21, 167. 171, 175 and 179. 
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25 In Table XIV below, hGH variants were selected irom combinatorial libraries by the phagemid binding 

selection process. AD hGH variants in Table XIV contain two background mutations (E174S/F176Y). hGH- 
phagemid pools from the libraries pH0707A {Part A), pH0707B and pH0707E (Part B), or pH0707C (Part C) 
were sorted for 2 to 7 cycles for binding to hGHbp. The number £ indicates the fractional occurrence of each 
variant type among the set of clones sequenced from each pool 
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Table XIV 
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r also contained the mutations L15R, K168R. 



In Table XV below, hGH variants were selected from combinatorial libraries b/ the phagemid binding 
selection process. AH hGH variants in Table XV contain two baclcground mutations (E174S/F176Y). The number 
£ the fractional occunence of a given variant among all clones sequenced after 4 cycles of rapid-binding 
setectibm 
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Table XV 

hGH variants from RAPID hGHbp binding selection Of an 
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t " aiso contained the mutation Y176F (wild-type hGH also contains F176). 
20 

In table XVI below, binding constants were measured by competitive displaoement of ^^l-labelled 
honnone H0650BD or labelled hGH using hGHbp (1-23B) and either Mab5 or Mab263. The variant H0650BD 
appears Ixnd more than 3(Mold tighter than wild-type hGH. 
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Table XVI 

EqillbriumbindtoooonstanlBOfseieeiBdlC^ 
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EXAMPLE XIII 



25 



30 



35 



Seiedive enrichmemof hGHphiVje conialnliv a 

As described in Example I. the piasoiid pS0132 contains the gene for hGH fused to the residue Pro198 of the gene 
III protein with the insertion of an extra glycine residue. This plasmid may be used to produce hQHi)hage particles 
in which the hGH-gene III fusion productis displayed monowatenUy on the phage surface (Example IV). The fusion 
protein comprises the entire hGH protein fused to the cafboxy temdnai domain of gene III via a flexible linker 



To Investigate the feaslhilily of using phage display technology to select favourable substrate 
sequences for a given proleolyfic enzyme, a genelfcaify engineered varfant of subSfisin BPN' was used. (Carter. P. 
et al. Proteins: Slnjcture. function and genetics 6240-248 (1989)). TWs variant (hereafter referred to as 
A64SAL subtwsln) confafn&Ihe fbHowfng mutelions: Set24Cy8, H864Ab, Glu1568er, Glyl69Afa and 
Tyr2t7Leu. Since this enzyme lacks the essential cafalytic resbiue Hls64. Its substrate spedfidly is greatly 
restricted so that certain Wsthfine^Mnteining substrates are preferenllally hyrdrolysed (Carter et al.. Science 
237394-399 (1987)). 
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CanstwcBon rf a hGffrsuWntwtiaqB vecttr 

The sequence of the Onker region in pS0132 was mutated to create a substrate sequence for A64SAL 
subtilisin, using the oligonucleotide 5 -TTC-GGG-CCC-nC-GCT-GCT*CAOTAT-AC6-CGT-CAG-TCG- 
ACT-GAC-CTG-CCT-3'. This resulted in the introduction of the protein sisquence Phe-Gly-Pro-Phe-Ala-Ala- 
5 Hls-Tyr-Thr-Arg-Gln-Ser-Thr*Asp in the Hnker region t)etween hGH and the cart)oxy tenninal domain of gene III, 
where the first Phe residue In the above sequence is Phe19l of hGH. The sequence Ala-Ala-His-Tyr-Thr<Agr<Gln 
is known to be a good substrate for A64SAL subtilisin (Carter et al (1989). supra). The resulting plasmid was 
designated pS0640. 

10 Selective mrlchmem of hSH^Ma^^ 

Phagemid particles derived from pS0132 and pS0640 were constructed as described 
in Example I. In initial experiments, a 10(il aliquot of each phage pool was separately mixed with 
30)xl of oxirane beads (prepared as described in Example II) in 100)il of buffer comprising 
20mM Tris-HCI pH 8.6 and 2.5M NaCI. The binding and washing steps were perfonned as 

1 5 described in example VII. The beads were then resuspended in 400^1 of the same buffer, with 
or vrithout 50nM of A64SAL subtilisin. Following Incubation for 10 minutes, the supematants 
were collected and the phage titres (cfu) measured. Table XVII shows that approximately 10 
times more substrate-containing phagemid particles (pS0640) were eluted in the presence of 
enzyme than in the absence of enzyme, or than in the case of the non-substrate phagemids 

20 (pS0132) in the presence or absence of enzyme. Increasing the enzyme, phagemid or bead 
concentrations did not improve this ratio. 

Improvement of the selective enrichment procedure 

In an attempt to decrease the non-specific elution of imnfx)bilised phagemids, a tight- 

25 binding variant of hGH was introduced in place of the wild-type hGH gene in pS01 32 and 
pS0640. The hGH variant used was as described in example XI (pHOesObd) and contains the 
mutations PhelOAIa, MetUTrp, HislSAsp, His21Asn. Arg167Asn, Asp171Ser, Glu174Ser. 
Phe176Tyr and lle179Thr. This resulted in the constmction of two new phagemids: pDM0390 
(containing tight-binding hGH and no substrate sequence) and pDM041 1 (containing tight- 

30 binding hGH and the substrate sequence Ala-Ala-His-Tyr-Thr-Agr^ln). The binding washing 
and elution protocol was also changed as follows: 

(i) Binding: COSTAR 1 2-well tissue culture plates were coated for 1 6 hours with 
0.5mlAAfell 2ug/ml hGHbp In sodium carbonate buffer pH 10.0. The plates were then incubated 
with Iml/well of blocking buffer (phosphate buffered saline (PBS) containing 0.1%w^ bo>rine 

35 semm albumen) for 2 hours and washed in an assay buffer containing 1 0mM Tris-HCI pH 7.5, 
ImM EDTA and lOOmM NaCI. Phagemids were again prepared as described in Example I: the 
phage pool was diluted 1 :4 in the above assay txjffer and 0.5ml of phage incubated per well for 
2 hours. 
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(M) Washing: The plates were washed thoroughly with PBS + 0.05% Tween 20 
and incubated for 30 minuted with 1 ml ol this wash buffer. This washing step was repeated 
three times. 

(ii) Eution: The plates were incubated for 1 0 minutes in an elution buffer 
5 consisting of 20mM Tris-HO pH 8.6 + lOOmM NaCI. then the phage were eluted with 05ml of 
the above buffer mMi or without SOOnM of A64SAL subfilisin. 

Table XVII shows that there was a dramatic Increase in the ratio of spedficall/ eluted 
substrate-phagemid particles conpared to the method previously described for pS0640 and 
PS0132. It is Dcely that this is due to the fact that the tight-binding hGH mutant has a 
1 0 signiflcanlly slower off-rate for binding to hGH binding protein compared to wild4ype hGH. 

Table XVH 

Specific eiutlon of substrate-phagemids by A64SAL subtillsin 

Colony fonning units (cfu) were estimated by plating out 10jil of 10-fold dilutions of phage on 
1 0)il spots of XL-1 blue ceHs, on LB agar plates containing SOfig/ml carbenidlOnl 

(!) Wild-type hGH gene: binding to hGHbp-oxirane beads 

phaoemid 4. SOnM A64SAL TO finzyme 

pS0640 (substrate) 9x106cfu/10jil LSxIO^cfu/IOtii 

pSOl 32 (non-substrate) 6x1 O^cfu/I OrI 3x1 O^cfu/I Ojil 

(S) pHOBSObd mutant hGH gene: binding to hGHbp-coated plates 

phaoemid SOnM A64SAL HP enzymS 

PDIUI0411 (substrate) 1.7x105cfu/10|il ZxlO^cfu/IOjil 

pDiW0390 (non-substrate) 2x103cfu/10nl ixlO^cfu/IOjU 



15 



20 



25 



30 



35 Example XIV 

Identification of preferred substrates for A64SAL subtillsin using selective 
enrichment of a library of substrate sequences. 

40 We sought to employ the selective enrichment procedure described in Example XIII to 

identify good substrate sequences from a library of random substrate sequences. 



rtnnctnirtinn nf a vep tnrfnr insertion nf ranrinmisflri substrate cassettes 

We designed a vector suitable for introduction of randomised substrate cassettes, and 
45 subsequent expression of a library of substrate sequences. The starting point was the vector 
pS0643, described in Beample Vlli. Site-directed mutagenesis was cam'ed out using the 
ol^nucleotide5'-AGC-TGT^C-TTC-fiQQ£CC^3CC>GCC^K5Q£ie^ 
TCT-3'. which Introduces tSSl (G6GCCC) and Sail (GTGGAC) restriction sites between hGH 
and Gene III. This new constmct was designated pDM0253 (The actual sequence of pDM0253 
50 ls5VAGC-TGT-GGCTrWSGG-CCC^CC>fiCX>GCGTCG.ACT-GGC^^ 
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the underlined base substitution is due to a spurious error in the mutagenic oligonucleotide). 
In addition, the tight-binding hGH variant described in example was introduced by exchanging 
a fragment from pDM04l 1 (example XIII) The resulting Gbrary vector was designated 
PDM0454. 

5 

Preparation of the library cassette vector and Insertten of the mutagenic 
casfifiitfi 

To introduce a library cassette, pDM0454 was digested with Apal followed by Sail, then 
precipitated with 13% PEG 8000^ lOmM MgCl2. washed twice in 70% ethanol and 

1 0 resuspended TTiis efficiently precipitates the vector but leaves the small Apa-Sal fragment in 
solution (Paithankar, K. R. and Prasad, K. S. N., Nucleic Acids Research 19:1346). The 
product was run on a 1% agarose gel and the Apal-Sall digested vector excised, purified using 
a Bandprep kit (Pharmacia) and resuspended for ligation with the mutagenic cassette. 

The cassette to be inserted contained a DNA sequence similar to that in the linker 

1 5 region of pS0640 and pDM041 1 , but with the codons for the histidine and tyrosine residues in 
the substrate sequence replaced by randomised codons. We chose to substitute NNS 
(N-G/A/T/C; S^G/C) at each of the randomised positions as described in example VIII. The 
oligonucleotides used in the mutagenic cassettes were: 5 -C-TTC-GCT-GCT-NNS-NNS-ACC- 
CGG-CAA-3' (coding strand) and 5'-T-CGA-TTG-CCG-GGT-SNN-SNN-AGC-AGC-GAA-GGG- 

20 CC-3* (non-coding strand). This cassette also destroys the Sail site, so that digestion with Sail 
may be used to reduce the vector background. The oligonucleotides were not 
phosphorylated before insertion into the Apa-Sal cassette site, as it was feared that 
subsequent ollgomerisatlon of a small populatton of the cassettes may lead to spurious results 
with multiple cassette inserts. Foltowing annealing and ligation, the reaction products were 

25 phenolrchlorofomn extracted, ethanol precipitated and resuspended in water Initially, no 

digestion with Sail to reduce the background vector was performed. Approximately 200ng was 
electroporated into XL-1 blue cells and a phagemM library was prepared as described in 
example VIII. 

30 Selection of highly cleavable sut^strates from the substrate llt>rarY 

The selection procedure used was identical to that described for pDM04l 1 and 
pDM0390 in exar^ple XIII. After each round of selection, the eluted phage were propagated by 
transducing a fresh culture of XL-1 blue cells and propagating a new phagendd nbrary as 
described for hGH-phage in example VIII. The progress of the selection procedure was 

35 monitored by measuring eluted phage titres and by sequencing individual clones after each 
round of selection. 

Table A shows the successive phage titres for elution in the presence and absence of 
enzyme after 1, 2 and 3 rounds of selection. 
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Clearly, the ratio of specifically eluted phage: non-specifical^ eluted phage (ie phage eJuted 
with enzymephage eluted without enzyme) increases dranratically from round 1 to round 3. 
suggesting that the population of good substrates Is Increasing i«lth each round of selection. 
Sequencing of 10 isolates from Ihe starting Hbrary showed them all to oondst of the 
5 wild-type pDM0464 sequence. TWs Is attributed to the fact that after digestion, with Apal. the 
Sail site is veiy close to the end of the DMA fragment, thus leading to low efficiency of 
digestion. Nevertheless, there are only 400 possible sequences In the nbrary, so this 
population should sb'Ubewell represented. 

T^les B1 and B2 showsthe sequences of isolates obtained after round 2 and round 

10 3 of selection. After 2 rounds of selectton. there is dearfy a high Incidence of hislidine 
resichjes. This is exacts whstt is ncpected: as described In example Xill. A64SAL subtlSsin 
requires a histldlne residue in the substrate asH employs a substrate-assisted catalytic 
mechanism. After 3 rounds of selecUon. each of the 10 ctones sequenced has a histidine in 
the randomised cassette. Note, however, that 2 of the sequences are of pDM041 1 , wWch was 

15 not present in the starting Hwary and is therefore a contanrinant 
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Table A 

Titration of initial phage pools and eluted phage from 3 rounds of selective 

enrichment 



10 



15 



20 



25 



30 



35 



Colony fonning untts (cfu) were estimated 1^ plating out IOmI of 10-fold cfilutions of phage on 
10^1 spots of XL-1 blue cells, on LB agar plates containing SOpg^ carbenicillin 

fiOUMll 



Starting library: 

LIBRARY: 

PDM0411: 
(control) 

ROUND 2 

Round 1 library: 

LIBRARY: 

PDM0411: 
(control) 

BSMm 

Round 2 Gbrary: 

LIBRARY: 



pDM0411: 
(control) 



3x10^2 cfu/mi 

+500nM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



7x10^2 tihUtri 

•fSOOnM A64SAL 
no enzyme 

•hSOOnM A64SAL 
no enzyme 



7x10^1 cfu/ml 

■fSOOnM A64SAL 
no enzyme 

+500nM A64SAL 
no enzyme 



4xl03du/l0jil 
3x103cfu/10»il 

2x1 06 cfu/IOMi 
8x1 03 cfu/10(il 



3x10^ cfu/IOpI 
6x1 03 cfu/IOpI 

3x10^ cfu/10)il 
1.6x10^ cfu/IOpI 



1x105cfu/10^i 

<io3 c^u/^o^l\ 

5x1 06 cfu/IOjil 
3x1 04 cfu/IO^I 
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Table Bl 



Sequences of eluted phage after 2 rounds of selective enrichment. 

An protein sequences should be of the torn AA"TRQi where * represents a 
randon^sed codon. In the tat)le below, the randomised codons and amino acids are underBned 
and in bold. 



AftBrmund2: 



Sequence 



No. of 

pocurrences 



15 



20 



25 



30 



35 



A A a X T R Q 

. . GCT GCT TAP- ACC CGG CAA 

A A fi 11 I R Q 

. . GCT GCT r^rr atc aCC CGG CAA 

A A i a T R Q 

. . GCT GCT ™c! (CA.C ACC CGG CAA 

A A L a T R Q 

. . GCT GCT FPg C&C ACC CGG CAA 

A A a £ R Q 

.. GCT GCT r-Ar, acc cGG CAA ... 

A A » a T R Q 

.. GCT GCT •>f9 CAC ACC CGG CAA 
.. wild-type pDM0454 



1 
3 



** 



# - spurious deletion of 1 oodon within the cassette 
## - ambiguous sequence 
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Saquaneaa of alutad Phage after 3 rounds of aeleetivB enrichment. 

5 All protein sequences should be of the form AA**TRQ, where * represents a 

randomised oodon. In the table below, the randomised codons and anrrino adds are underlined 
and in bold. 



10 



15 



20 



25 



Aftarrounda: 



* 


* 


ii 


z 








a 


czc 


c&c 




a 


CJVG CAC 


1 


a 


ACC PLC 


& 


& 


cac 


JSCS 




a 


c&z. 




a 


£ 






a 









oraairrenftfts 



30 ... GCT GCT raw* PjAf ACC CG6 CAA 1 «* 



35 



# - contaminating sequence from pDM0411 

## - contains the "illegal" codon CAT • T should not appear in the 3rd position of a 
40 oodon. 



45 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

5 (X) APPLICANTS Genentech, Inc. 

Garrard, Lisa J« 
Henner, Dennis J, 
Bass, Steven 
Greene, Ronald 
10 Lovmian, Henry 

Wells, James A. 
Matthews, David J. 

(ii) TITLE OF INVENTION: Enrichment Method For Variant Proteins With 
15 Altered Binding Properties 

(iii) NUMBER OF SEQUENCES: 27 

(iv) CORRESPONDENCE ADDRESS: 
20 (A) ADDRESSEE: Genentech, Inc* 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 
25 (F) ZIP: 94080 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 5,25 inch, 360 Kb floppy disk 

(B) COliPUTER: IBM PC compatible 

30 (C) OPERATING SYSTEM: PC-DOS /MS -*DOS 

(D) SOFTWARE: patin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
35 (B) PILING DATE: 03-DEC-91 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/743614 
40 (B) APPLICATION DATE: 09-Aug-91 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/715300 

(B) APPLICATION DATE: 14-June-91 

45 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/6B3400 

(B) APPLICATION DATE: lO-Apr-91 

50 (vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/621667 

(B) APPLICATION DATE; 03-Dec-1990 

(viii) ATTORNEY/AGENT INFORMATION: 
55 (A) NAME: Benson, Robert H. 

(B) REGISTRATION NUMBER: 30,446 

(C) REFERENCE/DOCKET NUMBER: 645P4 

(ix) TEXECOMMUNICATION INFORMATION: 
60 (A) TELEPHONE: 415/266-1489 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

(2> INFORMATION FOR SEQ ID NO:l: 

65 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 
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(C) STKANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

5 

66CAGCT6T6 GCTTCTA6AG T6GCGGC6GC TCT6GT 36 

10 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



20 



25 



65 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

A6CT6TG6CT TCGGGCCCTT AGCATTTAAT GC6GTA 36 
(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
35 TtCACAAACG AAG6GCCCCT AATTAAAGCC AGA 33 

(2) INFORMATION FOR SEQ ID NO: 4: 

40 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CAATAATAAC GGGCTAGCCA AAAGAACTGG 30 

50 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
55 (A) LENGTH: 24 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CACGACAGAA TTCCCGACTG GAAA 24 



(2) INFORMATION FOR SEQ ID NO: 6: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 23 bases 

(B) TYPES nucleic acid 

(C) STRI^EDNESSs single 

(D) TOFOLCX^r: linear 

^ (xi) SSQUBNCE DESCRIPTION: SEQ ID N0i6t 

CTGTTTCTAG AGTGAAATTG TTA 23 

10 

(2) INFORMATION FOR SEQ ID NO? 7: 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 21 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



ACATTCCT6G 6TACCGTGCA G 21 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 63 bases 
30 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID HOiBz 

35 

GCTTCAGGAA G6ACATGGAC NNS6TCNNSA CANNSCTGNN SATCGTGCAG 50 



40 TGCCGCTCTG TGG 63 



(2) INFORMATION FOR SEQ ID NO: 9: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 bases 

(B) TYPEr nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



AAGGTCTCCA CATACCTGAG GATC 24 

55 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS; 
60 (A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

ATGGACAAGG TGTCGACATA CCTGCGCATC GTG 33 
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65 



(2) INFORMATION FOR SEQ ID NO: 11: 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



G6CA6CTGTG GCTTCTAGAG TGGC6GCGGC TCT6GT 36 

15 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



30 



50 



GGCAGCT6TG GATTCTAGAG TGGCGGTGGC TCTGGT 36 



(2) INFORMATION FOR SEQ ID NO: 13: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 amino acids 
35 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

40 Gly Ser Cys Gly Phe Glu Ser Gly Gly Gly Ser Gly 
1 5 10 12 

(2) INFORMATION FOR SEQ ID NO: 14: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



C6GACTGGGC AGATATTCAA GCAGACC 27 

55 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 38 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



CTCAAGAACT ACGGGTTACC CTGACTGCTT CAGGAAGG 38 
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66 



10 



(2) INFORK21TXON FOR SEQ ID N0rl6: 

(1) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STHANDEDNBSS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



CGCATCGTGC A6TGCAGATC TGTGGAGGGC 30 

15 

(2) INFORMATION FOR SEQ ID NO: 17: 

(1) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTHS 66 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



GTTACTCTAC TGCTTTCAGG AAGGACATGG ACNNSGTCNN SACANNSCTG 50 

30 

NNSATCGT6C A6TGCA 66 



(2) INFORMATION FOR SEQ ID NO: 18: 

35 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
40 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



45 GATCTGCACT GCACGATSNN CAGSNNTGTS NNGACSNNGT CCATGTCCTT 50 



CCTGAAGGAG TAGA 64 

50 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 bases 
55 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

60 

6CCTTTGACA GGTACCAGGA GTTT6 25 



65 (2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 bases 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESSs single 
(O) TOPOLCXSY: linear 

5 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



CCAACTATAC CACTCTC6AG 6TCTATTCGA TAA 33 

10 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 66 bases 
15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 

20 

TCGAGGCTCN NS6ACAACGC GNNSCT6C6T GCTNNSC6TC TTNNSCAGCT 50 



25 GGCCTTTGAC AC6TAC 66 



(2) INFORMATION FOR SEQ ID NO: 22: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 58 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 



GTGTCAAAGG CCAGCTGSNN AAGACGSNNA GCAC6CAGSN NCGCGTTGTC 50 

40 

SNNGAGCC 58 



45 (2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 bases 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



55 



60 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

GTTACTCTAC TGCTTCNNSA AGGACATGNN SAAGGTCAGC NNSTACCTGC 50 
GCNNS6TGCA GTGCA 65 
(2) INFORMATION FOR SEQ ID NO: 24: 



(i) SEQUENCE CHARACTERISTICS: 
65 (A) LENGTH: 64 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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25 



68 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GATCTGCACT GCACSNNGCG CAGGTASNNG CTGACCTTSN NCATGTCCTT 50 

5 

SNNGAAGCAG TAGA 64 

10 (2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH! 2178 bases 

(B) TYPE: nucleic acid 
15 (C) STR2^EDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;25: 

ATGAAAAAGA ATATCGCATT TCTTCTTGCA TCTATGTTCG TTTTTTCTAT 50 

TGCTACAAAC GCGTACGCTG ATATCCAGAT GACGCAGTCC CCGAGCTCCC 100 

TGTCCGCCTC TGTGGGCGAT AGGGTCACCA TCACCTGCCG TGCCAGTCAG 150 

30 GATGTGAATA CTGCTGTAGC CTGGTATCAA CAGAAACCAG GAAAAGCTCC 200 

GAAACTACTG ATTTACTCGG CATCCTTCCT CTACTCTGGA GTCCCTTCTC 250 

GCTTCTCTGG ATCCAGATCT GGGACGGATT TCACTCTGAC CATCAGCAGT 300 

CTGCAGCCGG AAGACTTCGC AACTTATTAC TGTCAGCAAC ATTATACTAC 350 

TCCTCCCACG TTCGGACAGG GTACCAAGGT GGAGATCAAA CGAACTGTGG 400 

45 CTGCACCATC TGTCTTCATC TTCCCGCCAT CTGATGAGCA GTTGAAATCT 450 

GGAACTGCCT CTGTTGTGTG CCTGCTGAAT AACTTCTATC CCAGAGAGGC 500 

CAAAGTACAG TGGAAGGTGG ATAACGCCCT CCAATCGGGT AACTCCCAGG 550 

AGAGTGTCAC AGAGCAGGAC AGCAAGGACA GCACCTACAG CCTCAGCAGC 600 

ACCCTGAC6C TGAGCAAAGC AGACTACGAG AAACACAAAG TCTACGCCTG 650 

60 CGAAGTCACC CATCAGGGCC TGAGCTCGCC CGTCACAAAG AGCTTCAACA 700 

GGGGAGAGTG TTAAGCTGAT CCTCTACGCC GGACGCATCG TGGCCCTAGT 750 

ACGCAAGTTC ACGTAAAAAG GGTATCTAGA GGTTGAGGTG ATTTTATGAA 800 



35 



40 



50 



55 



65 



15 



20 
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AAAGAATATC GCATTTCTTC TTGCATCTAT GTTCGTTTTT TCTATTGCTA 850 
CAAAC6CGTA CGCTGAGGTT CAGCTG6TGG A6TCT66CGG TG6CCTGGTG 900 

5 

CAGCCAG6G6 GCTCACTCCG TTT6TCCTGT GCAGCTTCTG GCTTCAACAT 950 
10 TAAAGACACC TATATACACT G6GTGCGTCA GGCCCCGGGT AAGGGCCTGG 1000 

AATGGGTTGC AAGGATTTAT CCTACGAAT6 GTTATACTAG ATATGCCGAT 1050 
AGCGTCAA6G GCCGTTTCAC TATAAGC6CA GACACATCCA AAAACACAGC 1100 
CTACCTGCAG ATGAACAGCC TGCGTGCTGA GGACACTGCC GTCTATTATT 1150 
GTTCTAGAT6 GGGAGGGGAC GGCTTCTAT6 CTATGGACTA CTGGGGTCAA 1200 
25 6GAACCCTGG TCACCGTCTC CTCGGCCTCC ACCAA66GCC CATCGGTCTX 1250 

CCCCCT6GCA CCCTCCTCCA A6AGCACCTC TGGGGGCACA GCGGCCCTGG 1300 
6CTGCCTGGT CAAGGACTAC TTCCCCGAAC CGGTGACGGT GTCGTGGAAC 1350 
TCAGGCGCCC TGACCAGCGG CGTGCACACC XTCCCGGCTG TCCTACAGTC 1400 
CTCAG6ACTC TACTCCCTCA GCAGCGT66T 6ACTGTGCCC TCTA6CAGCT 1450 
40 TGGGCACCCA GACCTACATC TGCAACGTGA ATCACAAGCC CAGCAACACC 1500 

AAGGTGGACA AGAAAGTTGA GCCCAAATCT TGTGACAAAA CTCACACAGG 1550 
GCCCTTC6TT TGTGAATATC AA6GCCAATC GTCTGACCTG CCTCAACCTC 1600 
CTGTCAATGC TGGCGGCGGC TCTGGTG6TG GTTCTGGTG6 CGGCTCTGA6 1650 
GGTGGTGGCT CTGAGGGT6G CGGTTCTGAG GGTGGCGGCT CTGAGGGAGG 1700 
55 CGGTTCCGGT GGTGGCTCTG GTTCCGGTGA TTTTGATTAT GAAAAGATGG 1750 

CAAACGCTAA TAAGGGGGCT ATGACCGAAA ATGCC6ATGA AAACGCGCTA 1800 
CAGTCTGACG CTAAAGGCAA ACTTGATTCT GTCGCTACTG ATTACGGTGC 1850 
TGCTATCGAT GGTTTCATTG GTGACGTTTC CGGCCTTGCT AATG6TAATG 1900 
GTGCTACTGG TGATTTTGCT GGCTCTAATT CCCAAATGGC TCAAGTCGGT 1950 



30 



35 



45 



50 



60 



65 



70 

GAOGGTGATA ATTCACCTTT AATGAATAAT TTCCGTCAAT ATTTACCTtC 2000 



CCTCCCTCAA TCGGTTGAAT GTCGCCCTTT TGTCTTTAGC GCTGGTAAAC 2050 
CATATGAATT TTCTATTGAT TGTGACAAAA TAAACTTATT CC6TGGTGTC 2100 
TTTGCGTTTC TTTTATATGT TGCCACCTTT ATGTATGTAT UTTCTACGTT 2150 
TGCTAACATA CX6CGTAATA AGGAGTCT 2178 

(2) INFORHATIOir FOR SEQ ID NOs26: 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 237 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Met LvB LvB Asn lie Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
15 10 15 

Ser lie Ala Thr Asn Ala Tyr Ala Asp He Gin Met Thr Gin Ser 
20 25 30 

Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr He Thr 
35 40 45 

r 

Cvs Ara Ala Ser Gin Asp Val Asn Thr Ala Val Ala Trp Tyr Gin 
50 55 60 

Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He Tyr Ser Ala Ser 
65 70 75 

Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly Ser Arg Ser 
80 85 90 

Gly Thr Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro Glu Asp 
95 100 105 

Phe Ala" Thr Tyr Tyr Cys Gin Gin His Tyr Thr Thr Pro Pro Thr 
110 115 120 

Phe Gly Gin Gly Thr Lys Val Glu He Lys Arg Thr Val Ala Ala 
125 130 135 

Pro Ser Val Phe He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser 
140 145 150 

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg 
155 160 165 

Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly 
170 175 180 

Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr 
185 190 195 

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu 
200 205 210 

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin oiy Leu Ser 
215 220 225 
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Ser Pro Val Thr Lys Ser Phe Asrv Arg Gly Glu Cys 
230 235 237 

(2) INFOPMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 461 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Met Lye Lys Asn He Ala Phe Leu Leu Ala Ser Met Phe Val Phe 
15 10 15 

Ser He Ala Thr Asn Ala Tyr Ala Glu Val Gin Leu Val Glu Ser 
20 25 30 



Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Leu Arg Leu Ser Cys 
20 35 40 45 

Ala Ala Ser Gly Phe Asn He Lys Asp Thr Tyr He His Trp Val 
50 55 60 

25 Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Arg He Tyr 

65 70 75 



Pro Thr Asn Gly Tyr Thr Arg Tyr Ala Asp Ser Val Lys Gly Arg 

80 85 90 

Phe Thr He Ser Ala Asp Thr Ser Lys Asn Thr Ala Tyr Leu Gin 

95 100 105 



Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ser 
35 110 115 120 

Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gin 
125 130 135 



Gly Thr Leu Val Thr Val ser Ser Ala Ser Thr Lys Gly Pro Ser 
140 145 150 

Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr 
155 160 165 

Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val 
170 175 180 



Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr 
50 185 190 195 

Phe Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser 
200 205 210 

55 Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr He 

215 220 225 



Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys 

230 235 240 

Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Gly Pro Phe Val 

245 250 255 



Cys Glu Tyr Gin Gly Gin Ser Ser Asp Leu Pro Gin Pro Pro Val 

65 260 265 270 

Asn Ala Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Glu 

275 280 285 
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Gly Gly Gly Sar Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu 
290 295 300 

Gly Gly Gly Ser Gly Gly Gly Ser Gly Ser Gly Asp Phe Asp Tyr - 
5 305 310 315 

Glu Lys Met Ala Asn Ala Asn Lye Gly Ala Met Thr Glu Aon Ala 
320 325 330 

10 Abp Glu Asn Ala Leu Gin Ser Asp Ala Lys Gly Lys Leu Asp Ser 

335 340 345 



15 



30 



Val Ala Thr Asp Tyr Gly Ala Ala lie Asp Gly Phe He Gly Asp 
350 355 360 

Val Ser Gly Leu Ala Asn Gly Asn Gly Ala Thr Gly Asp Phe Ala 
365 370 375 



Gly Ser Asn Ser Gin Met Ala Gin Val Gly Asp Gly Asp Asn Ser 
20 380 385 390 

Pro Leu Met Asn Asn Phe Arg Gin Tyr Leu Pro Ser Leu Pro Gin 
395 400 405 

25 Ser Val Glu Cys Arg Pro Phe Val VhB Ser Ala Gly Lys Pro Tyr 

410 415 420 



Glu Phe Ser He Asp Cys Asp Lys He Asn Leu Phe Arg Gly Val 
425 430 435 

Phe Ala Phe Leu Leu Tyr Val Ala Thr Phe Met Tyr Val Phe Ser 
440 445 450 



Thr Phe Ala Asn He Leu Arg Asn Lys Glu Ser 
35 455 460 461 
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What is Claimed is: 

1. A method for selecting novel txnding polypeptides comprising: 

5 (a) constructing a repDcabie expression vector comprising 

a transcription regulatory element operaUy United to 
a gene fusion encoding a ftfiion protein wherein the gene fusion comprises 
a first gene encoding a polypeptide, and 
a second gene encoding at least a portion of a 
10 phage coat protein; 

( b ) mutating the vector at one or more selected positions within the first gene thereby fonning a 

family of related plasmids; 

(c) transforming suitable host cells with the plasmids; 

15 

( d ) infecting the transfonned host cells with a helper phage 

having a gene encoding the phage coat protein; 

(e) culturtng the transformed infected host cells under conditfons 

20 suitable for forming recombinant phagemid parfides containing at least a portion of 

the plasmid and capable of transfonning the host, the conditions adjusted so that no 
more than a minor amount of phagemid parfides display more than one copy of the 
fusion protein on the surface of the particle; 

25 ( f ) contacting the phagemid partides with a target molecule so that at least a portion of the 

phagemid partides bind to the target molecule; and 

( g ) separafing the phagemid partides that bind from those that do not 

30 2. The method of daim 1 further comprising infecting a suitable host cells with the phagemid partides that 
bind and repeat'mg steps (d) through (g). 

3. The method of claim 2 wherein the steps are repeated one or more times. 

35 4 The method of daim 1 wherein the expression vector further comprises a secretory signal sequence. 



5. 



The method of daim 1 wherein the transcription regulatory element is a promoter system selected 
from the group; lacZ, pho A, tryptophan, iac, Xptt bacteriophage T7, and combinations 
thereof. 
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6. ThemeliiodofcaralwherehfteftageneerK»desamainma^ 

7. ThemettwdofdaimewhereinlheprolBinlsselectedfremthegR^ 

growth honnone, human grwulh hoiraone(h6H). des-fUnelhionyl human growlh homione, 
boirine giowlh homrane, paiaihyreid homwne, Ihyrad 

prainsulin, relaxh A-chain, lelaxin B^haih. prorelaxin, fDllide dimulaling hopone(FSH). 
thyroid slimulaling hormonefTSH), leulinMng hoimone(U<). glyooprolein hormone receptors, 
caldlonia glucagon, factor VIII, an antOwdy, lung surfactant, urokinase, streptokinase, human 
tissue^ plasminogen activator (t-PA), iJombesJn, factor IX. thromtxn, hemopoietic growth 
fador, tumor necrosis bctor-alpha and -Ijeta. enkephalinase. human senim attxjmin, mullerian- 
miribiting substance, mouse gonadotropin-assodated peptWe, p-lactamase. tissue factor 
protein, inhibln. aclivin, vascular endothelial growth factor, integrin receptors, thromtjopoietin, 
protein A or D, rheumatoid factors, NGF-p, platelet-growth factor, transfonning growth 
factor ; TGF-alpha and TGF-l)eta, insu!in.like growth faclor-l and -II, insulin^ike growth 
factor binding proteins , CD-4, DNase. latency assodated peptide, erythropoietin, HER2 
l^s, osteoinductive factors, interferon-alpha. -Ijefa, and -gamma, colony stimulating 
factors (CSFs), M-CSF. GM-CSF, and G-CSF. interieukins (ILs), IL-1. IL-2, IL-3, iL-4. 
superoxide dismutese: decay acceleraling factor, wral antigen. HIV envetope proteins GP120 
and GP140, atrial natriuretic peptides A, B, or C, or immune globulins, and fragments of the 
above-listed proteins. 



8. Themethodofciaim7whereiniheproteinisahumanp(ole^ 
25 9. ThemethodofdimSwherBlifilheprotelncomprisesmofBBianabout 100 amino add residues. 

10. The method of daim 1 lyhereinthe protein comptises a plurality of rigid secondary structures displaying 

amino adds capable of inteiact'rq with fln targ^. and the mufations are primarily produced 
alposifionsGonespondingtocodOTsenood'Big the amino adds. 

30 

11. The method of daim 10 wherein the li^ secondary stmctures comprise structures selected f^ 

group; a-(3.6i3)helix, 3io helix, ic-(4.4i6)helix, paiaDei and anti-paraitel Seated sheets, 
reverse turns, and non-ordered structures. 

35 12. ThemethodofdaimlOwherBbithemufationsareproducedatmorethanonecodbn. 



13. The method of cfaim 12 wherein the mufations are produced on more than one rigid secondary structure. 
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The method of daim 1 wherein the helper phage is selected from the group M13K07, M13R408, M13- 
VCS.andPhiX174. 

The method of daim 14 wherein the helper phage is M13ia>7 and the coat protein Is the M13 phage gene 
III ooat protein. 

The method of daim 15 wherein the host is £ o»fr. 

The method of daim 16 wherein the plasmid is under tight control of the transcription regulatory 
elemenL 

Ihe method of daim 17 wherein the amount is less than about 1%. 

The method of daim 16 wherein the amount is less than 20% the amount of phagemid partides displaying 
a single copy of the fusion protein. 

The method of daim 19 wherein the amourtt is less than 10%. 

The method of daim 1 further comprising in step (a), inserting a DNA triplet, encodng an mRNA 
suppressit)le terminator codon beUieen said first gene encoding a polypeptide, and s^d 
second gene encoding at least a portion of a phage coat protein. 

The method of daim 21 wherein said mRNA suppressiUe tenninator codon is seleded from the 
fdlowlng: UAG (amt)er), UAA (odier) and UGA (opel). 

The method of daim 22 wherein said suppiessitsie mutation results in the detectat)le production of a 
fusion polypeptide oonlairiing sadi polypeptide and said coat protein when said expression 
vector is grown in a sunxessor host celi; and, when grown in a non-suppressor host cell said 
polypeptide is synthesized substantialy without fusion to said phage ooat protein. 

A human growth honnone variant wherein hGH andno adds 1 72, 1 74, 1 76 and 1 78 respectively are as a 
group sequentially selected from one of the following: (1)R,S,F,R; {2)RAY,R; {3)K,T,Y,K; 
{4)R,S,Y,R: (5)K,A,Y,R; (6)R,F,F,R; (7)K,Q.Y,R; (8) R.T.Y.H; (9)Q,R.Y.R; {10)K.K,Y.K: 
(11)R,S,F,S;and(12)K,S,N,R. 

A phagemid comprising a replicable expression vector comprising a transcripfion regulatory element 
operaUy llnl^ to a gene fusion encoding a fusion protein wherein the gene fusion comprises a 
first gene encoding a polypeptide, and a second gene encoding at least a portion of a phage 
coat protein, wherein a DNA triplet codon encoding an mRNA suppressit)le terminator codon 
selected from UAG, UAA and UGA is inserted t)etween the fused ends of the first and second 
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genes, or is substituted for an amino add encoding triplet codon acQacent lo ttie gene fusion 
jundioa 

26. TttephagemidofdaimZSwhereinsaidflrstgeneencodssamammdiani)^ 

. 27. The phagemid Of Claim 26 vyheiein the protein is selected 

gmvlh hoimone (hGH), des-N«ielhianyl human growth homnne, bovine growth homione, 
paraihyraid homicine. thyroxine. InsiAi A-chala insuih Bchain. prolnsuGn. relaxin A-cha»i, 
tetixn B-chain. prorelaxin. foOicle sSmuIating homwne (FSH), thyroid stimulating homione 

1 0 (TSH), leutbilzing honnone (LH). glycoprotein hormone receptors, caldtonii. glucagon, factor 

VIII, an antbody:, lung sOfsstBSt, uroidnase, streptokinase, human tissue^ plasminogen 
activator (t-PA), bomljesin, factor IX, thrombin, hemopotefic growth factor, tumor necrosis 
factor-a^and4)eia, enkephalkiase, human senm albumin, mtJlerian4ihibiting substance, 
mouse gonadotropin-assodated pepBde, p-lactamase, fissue factor protein, inhibin, activin. 

1 5 vascular endothefial growth factor, integrin receptors, thrombopoietin, protein A or D, 

rheumatoid factors, NGF-p, platelet-growth factor, fransfonning growth facton TGF-alpha 
and TGFtefa, Insulin-like growth-l and -II, msulin-like growth factor binding proteins, CD-4. 
DNase, latency associated peptide, erythropoietin, osteoinductive factors, interferon-alpha, • 
bete, and -gamma, colony stimulating factors (CSFs). M-CSF, GM-CSF, and G-CSF, 

20 interleuldns (ILs), lL-1, IL-2, IL-3, IL-4. superoxide dismufase; decay accelerating factor, viral 

antigen. HIV envelope proteins GP120 and GP140, atrial natriuretic peptides A, B or C 
immuno globulins, and ftagmente of the above-listed proteins. 



25 



28. The phagemid of daim 27 whereni said protein is a human protein. 

29. The phagemid of daim 28 whereh Ihe protem comprises more lhan about 100 amino add residues. 

30. The phagemid of dahi 25 wherefei said proteh comprises a pluraDty of rigid secondary structures 
(ispiaying amino adds capaUe of interacting with the target 

31. The ph^mid of dabn 30 irtier^ said rigkJ secondary structures comprises stiuctoressetectedft^^ 

ihe group; a-(3.6i3)helix, 3io heDx, ic-(4.4i6)heDx, parallel and anii-parailel p-pleated 
sheete, reverse turns, and nonK>ntered stroctures. 

35 32. The phagemid ofdalm 25 wherein the helper phage Is setectedfhxn the group M13KO7.M13R408, 
M13-VCS,andPhiXm. 



30 



33. The phagemid of daim 32 wherein the he^r phage is M13K07 and the coat protein is the M13 phage 
gene III coat protein. 
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34. The phagemid of daim 33 wherein the host is the £ coffwHd type or suppressor type. 

35. The phagemid of daim 34 wherein the plasmid Is under tight control of the transcription regulatory 
5 elemenL 

36. The phagemid of daim 35 wherein the number of phagemid partides displaying more than one copy of 

the fusion protein on the surface of the particles is less than 1 %. 

1 0 37. The phagemid of daim 36 wherein said vmbat of phagemid partides is less than about 1 0%. 

38. The phagemid of daim 37 wherein the number of phagemid partides is less than about 20%. 

39. A human growth variant wherein hGH amino adds 10, 14, 18, and 21 respediveiy are as a group 
1 5 sequentially selected from one of the following: 

{1)HAN,N: (2)A,W,D,N; (3)F.S,F,L; (4)Y.T,V,N and (5)I.NJ,N. 

40. A human growth variant wherein hGH amino adds 174 is serine and 176 is tyrosine and hGH amino adds 

167, 171 , 175 and 179 respediveiy are as a grot4> sequentially selected from one of the 
20 following: 

(1)N,S,TJ; (2)E,SJ.I; (3)K,SJ.L; (4)N.NJJ; (5) R,DJ.I; and (6)N.S,T,Q. 

41 . A method for selecting novel binding polypeptides comprising 

(a) constnjcting a repHcaUe expresdon vector comprising a 

25 transcription regulatory element operably iiniied to DMA encodng a protein of 

interest contairdng one or more subunits, wherein the DNA encoding at least one of 
the subunits Is fused to the DNA encoding at least a portion of a phage coat protein; 

( b) mutating the DNA encoding the protein of interest at one or more selected podtions thereby 
30 fonning a family of related vectors; 

(c) tiansfonning suitable host cells with the vectors; 

(d) infeding the tiansbmied host cdls with a helper phage having a gene encoding the phage 
35 coat protein; 

(e) culturing the transfomted infected host cells under condilions suitable for forming 

recombinant phagemid partides containing at least a portion of the plasmid and 
capable of transf onning the host, the conditions adjusted so that no more than a 
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minor amount of phagemid parMes display more than one copy of Ihe fusion protein 
on the surface of the particle; 

( f ) contacting the phagemid parfides with a target molecule so that at least a portion of the 
5 phagemid parfides bind to the target molecule; and 

(g ) separafing the phagemid parfides that bind from those Viat do not 

42, Themethodofdaim41wher8intheexpressionv8Ctorfurflierco^ 
^ Q operaUy linked to the DNA encoding each subunit of ttie protein of IhteresL 



43. The method of claim 42 wherein the protein of interest is a mammalian protein. 

44 . The method of claim 43 wherein the protein of Interest is selected from the group; 

1 5 insulin, retoin, folDde stimulafing honnone (FSH), thyroid stimulating honnone (TSH), 

leufinizing hormone (LH). glycoprotein hormone receptors, monodonai and polydonai 
anfibodies. lung surfactant, integrfn receptors, Insulin4ike growth factor-l and -II, and 
fragments of the above-listed proteins. 

20 45. The method of daim 44 wherein the protein of interest is ahumanized antibody. 

46. The method of claim 45 wherein the protein of interest is a humanized Fab fragment capable of binding 
to the HER-2 receptor (human epidennal growth factor receptor-2). 

25 47 A human growth honnone (hGH) variant wherein hQH amino add glutamatei74 is replaced by serinei74 
and phenylalaninei76 is replaced by tyroslnei76 and one or more of the eig^t nabnally 
occurring hQH amino adds F10. M14. H18, H21 , R167. D171, T175 and 1179 are replaced by 
anottiernahial amino add. 

30 48 The hGH variant of daim 47 wherein the eight naturally occum'ng hGH amino adds F10, M14, H18, H21, 
R167, D171 , T175 and 1179 respecfively are as a group replaced w«h a corresponding amino 
add sequentially selected from one of the following groups: 



<1) 


H, 


G, 


N, 


N, 




Sr 


T, 


T; 


(3) 


H, 


G, 


N, 


N, 


Nr 


N, 


T, 


T; 


(5) 


Ar 


w. 


D, 


N, 


E, 


s. 


T, 


I; 


(7) 




s. 


F, 


L, 


N, 


s. 


T, 


T; 


(9) 


F, 


s. 


F, 


W 


N, 


N, 


T, 


T. 


(11) 


A, 


N, 




A, 


N, 


N, 


T, 


N; 


(13) 


H, 


Qr 


T, 


s. 


A, 


D, 


N, 


S; 


(15) 


F, 


s. 


F, 




s. 


D, 


T, 


T; 


(17) 


Qr 








H, 


s. 


Tr 


T; 


(19) 


F, 




s. 


s. 


K, 




T, 


V; 



(2) N, E, T, I; 

(4) Dr N, N, Sr T, T; 

(6) A, W, N, T; 

(8) S, E, S, T, I; 

(10) H, Or N, N, Sr T, N; 

(12) F, Sr Fr Gr H, T, T; 

(14) H, N, N, A, T, T; 

(16) A, Sr N, Kr D, T, I; 

(18) W, G, Sr Sr Rr T,- I; 

(20) W, Nr Sf Tr T; 
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(21) 


A, 


N, 


A, 


s. 


N, 


s. 


T, 


T; 


(22) 


P, 


s. 


D, 


N, 


R, 


D, 


T, 


I; 


(23) 


H, 


G, 


N, 


N, 


N, 




T, 


S; 


(24) 


F, 


s. 


T, 


G, 


Rr 




T, 


I; 


(25) 


M, 


T, 


s. 


N, 


Qr 


s. 


T, 


T; . 


(26) 


F, 


s. 


F, 


L, 


T, 


s. 


T, 


S; 


(27) 


A, 


w, 




N, 


R, 




T, 


1; 


(28) 


A, 


w, 


D, 


N, 


H, 


s. 


T, 


N; 


(29) 


M, 




M, 


N, 


N, 


s. 


T, 


T; 


(30) 


H, 




D, 


H, 


R, 


D, 


T, 


T; 


(31) 


h. 


N, 


s. 


H, 


R, 


D, 


T, 


I; 


(32) 


L, 




s. 


H, 


T< 


s. 


T, 


T; 


(33) 


A, 


w. 


n, 


N, 


N, 


A, 


T, 


T; 


(34) 


F, 


s. 




G, 


R, 




T, 


I; 


(35) 


A, 


w. 


D, 


N, 


Rf 


D, 


T, 


1; 


(36) 


I, 




E, 


H, 


N, 


s. 


T, 


T; 


(37) 


F, 


s. 


L, 


A, 


N, 


s. 


T, 


V; 


(38) 


F, 


s. 


F, 


v. 


K, 


D, 


T, 


T; 


(39) 


M, 


A, 


D, 


N, 


N, 


s. 


T, 


T; 


(40) 


A, 


w. 




N, 


s. 


s. 


V, 


T; 


(41) 


H, 






s. 


R, 


D, 


Tr 


I. 





















49. The method of daim 48 wherein said human growth honnone variant (11) further contains leudneis replaced 

by arginineis and lysineies replaced by arginineiea- 

15 

50. The method of claim 48 wherein said human growth hormone variant (40) further contains phenylalanfriene 



51 . A method for selecting novel binding polypeptides comprising: 



20 (a) constructing a repiicable expression vector comprising 

a transcription regulatory element operably linked to 

a gene fusion encoding a fuston protein wherein the gene fusion com^ 

a first gene encoding a polypeptide operable oonnedted to a rinking amino 
acidsequenoe. and 

25 a second gene encoding at least a portion of a 

phage coat protein; 



( b ) mutating the vector at one or more selected positions within the amino add Dnking sequence of 
the first gene thereby Ibrming a family of related plasmids; 

30 

(c) transfonning siAtaUe host cells with the plasmids; 



35 



( d ) infecting the transfonned host ceUs with a helper phage 
having a gene encoding the phage coat piotdn; 



(e) culturing the transfonned infected host cells under conditions 

suitable for fonning recombinant phagemid partides containing at least a portion of 
the plasmid and capable of transfonning the host, the concfitions adjusted so that no 
mors than a minor amount of phagemid partides cfisplay more than one copy of the 
4 0 fusion protein on the surface of the partide; 



(f) 



contacting the phagemid partides with a target molecule so that at least a portion of the 
phagemid partides bind to the target molecule; and 
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(g) contacting the bound phagemki particles with a protease capable of 
amln'n add savence of at least a portion of the bound phagtnid partides, and 

(ii) isolaihg the hydrolyzed phagmid partides; 

Tlie method of daim 51 furheramiprtsing infecting suitable host eels with tt» hydrolyzed phagemid 
particles and repeating steps (d) through (h). 
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M13gene III (198-410) 



Amp^ 




322 ori 




f1 orl 



E.coli(JM101) 



Add M13K07 helper phage 



Phagemid particles 




Binding enrichment 



Enriched pool 



FIG. I 
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M13K07 
phagemid 



1 2 3 



111 4 . 



B 



1 2 3 



FIG. 2 
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I PH0415 Template: Kpnl^ hGH (R178G, I179T) | 



Kpnl digestion 
Phagemid propagation 



Library 2 



Bead binding selection 
Phagemid propagation 



I 



3 



Bead binding selection 
Phagemid propagation 



^Library 2G^ 



Library 20' 



Bead binding selection 
Phagemid propagation 



Kpnl digestion 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 

r — 



f Library 2G^ 
^ Library 4 !^ 



Library 4G 



4 clones sequenced 



FK3. 3 



Site-directed mutagenesis 
Phagemid propagation 



; Library 1 J 



Bead binding selection 
Phagemid propagation 



r Library IG J 
f Library IG^J 



Bead binding selection 
Phagemid propagation 



ICpnl digestion 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Library 3G* 



Bead binding selection 
Phagemid propagation 



r Library 
f Library 3G^J 
• Library 5 J 



Bead binding selection 
Phagemid propagation 



ICpnl digestion 
Phagemid propagation 



Bead binding selection 
Phagemid propagation 



Library 5G 



T 



4 clones sequenced 



SUBSTITUTE SHEET 
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Starting Library: 
NNS codons at hGH residues 
172. 174, 176. 178 

3.9 z 10^ transform ants 



hGHbp 



hGH eiution 

^MFWR 
SHVR 
VGDR 
KPSQ 
NGTC 
FCPV 



1 NF 



I 



hGH eiution 



I 



hGH eiution 

RSYR 
RFFR *(2) 
KTYK' 
KSYT 
KRYR 
RTYH 
QWFR 
lAMR 



2 pS0643 




hGHbp 

Glycine eiution 



KSYR 
RSYR •« 
SLFH + 
EPGG 
KTGN 
GNNE 



2 NF 



1 



Glycine eiution 



I 



Glycine eiution 

KAYR *(3) 
RSYR # 
RSFS « 
RGYR 
RSFR 
KQYR 
V.KTYK 



5 pH0457 
4 pS0643 



(-hPRLbp. 4hGHbp) 



Glycine eiution 



Glycine eiution 



I 



Glycine eiution 

RSFS « 
RAYR 
KKYK 
fCSNR 
QRYR 
DAEL 



3 pS0643 



FIG. 5 



SUBSTITUTE SHEET 



wo 92/09690 PCr/US91/09133 



6/20 



Starting Library: 
NNS codons at hGH residues 
172. 174. 176. 178 



3.9 z 10 transform ants 



liGHbp 



hGH elution 



Y164H . 1 NF 



hGH elution 



1 



hGH elution 



PWAT 

AMFT 

TDDS 

FSHS 

NDTA 

TNNS 

PIRS 

1 NF 



liGHbp 

Glycine elution 



""lpll ^ 






CLPL 




SLVG 


RLQE 




SLAD 


LAGI 




SYTF 


NQAT 




THEN 


GASQ 




NGDR 


^MD V + J 




lGNHN J 



I 



1 NF 



Glycine elution 



I 



Glycine elution 

'flpw 

FYHS 
FLVA 
WPSP 
SWVA 
LLFG 
TSRK 
SLSP 
LPQP 
GNGQ 




(-hGHbp. ^hPRLbp) 



Glycine elution 



Glycine elution 



I 



Glycine elution 

'"SERN ^ 
EVQR 
MVLA 

5 NF 



Fia 6 



SIIRQTITIITC euei— r 



wo 92/09690 



PCr/US91/09l33 



hGH elution 



TKRA 
RSLR 
NATF 
GLHK 
RTAH 

3 NF 



hGH elution 



I 



hGH elution 



i 



hGH elution 

ANHO '(4) 
TLDT '(3) + 
RIYL ++ 



7/20 

Starting Library: 
NNS codons at hGH residues 
172, 174. 176. 178 

3.9 z 10^ transform ants 




+-D171V 
++-D171A 



Glycine elution 

' LPLL 
LLSN 
LNYD 
LGPR 
RSCL 
AMGA 
SRNN 



1 NF 
Glycine elution 



I 



Glycine elution 



*-I179M 



SARS 

HMRS + 

QEKR 

LEFT 

SSST 

DICPL 

2 NF 



FIG. 7 



i£A /eP 

eiiDQTlTllTF SHEET 



wo 92/09690 



PCr/US91/09133 



8/20 



starting Library: 
NNS codons at hGH residues 
172. 174. 176. 178 



3.9 z 10 transform ants 



Glycine elution 



1 



Glycine elution 



1 



KELR + 

KDIN 

REGK 

RNGP 

CNGK 

SICLS 

QRPG ++ 

LLLV 



+- L163P 



++ 



- K168R 



1 NF 



FIG. 8 



SUBSTITtlTF SHFFl 



wo 92/09690 



PCr/US91/09133 



9/20 



322 ori 




fl ori 



PREPARE 



ssDNA 



KI72X 



322 ori 




>\ \ § RI78X 
TI79I 



fl ori 



THEORETICAL EXPERIMENTAL 

1 .05 X 1 0^ DNA 8eq.'8 8.2 x 1 0^ 

1 .6 X J 0^ A.A. 8eq.'8 ?? 



FIG. 9 



SUBSTITUTi SHEET 



wo 92/09690 



PCr/US91/09133 



11/20 



t2 



^0 

00 

EH M O 

H U3 

< (0 

O H 

Ci) < 

H 0) 

U 1^ 

H 0) 

U h3 

Eh Q, 

U H 

O < 

O (I) 







ro 


in 


rH 


in 


r- 


j-t 




O <D m 


O H 


Eh a 


Eh H (M 


EH (d 


rtl CD 


< H 


O > 


O < 


Eh a 




CD C o 


< CO 


O 0) 


< H m 


O < 


EH to 


u o 


Eh fO 


O «TJ 


Eh M 


U H 


O H 


CD (U 


O < 


O < 


< to 


U M 


U in 


o m 




O 9) cn 


U H 


Eh 


Eh to 


O < 


O <0 


O :3 


Eh ij\ 


U H 


Eh (!) 


CD M 




O ►J 


O < 


U (3 O 


U n 


O CO 




O (1) 


CD >i 


< < 


Eh to 


Eh U 




O M 


o M in 


o x: 


CD 0) 


U J3 ^ 


< in 


i< to 


K! EH 


Eh <d 


ID o 


O 0) 


O H 


O H 


M H 


O 45 


U (h 


H 




U M O 


U M 


EH H 


O Q) tn 


O X5 


<; H 


Eh to 


rtj EH 


H M 


C3 C 


U H 


O Q> 




EH (0 


Eh to 


U O 


O > 


EH 0) lO 


O M 


O 0> 


EH x: H 


U ^ 


CD Jh 


EH On 


tH 


< < 


Eh 


CD 


Eh ao 


EH «J 


EH (1) 




O > 


rt! S 


CD < 


O <D 


O C 


O >i 


EH J3 


< H 


O H 




U C5 


CD CD 



eg 


rH 




CO 


iH 


OJ 


< >1 


U P 


O H 


Eh 0) 


CD O 


U ^3 


< 0 


O <D 


u u 


Eh £ 




EH Oi 


<: 0} 


U M to 




O (1> 




Eh CO 


CD C 




< H 


8 H 


u o 


O 




O M 


< H VO 




U CD 


EH to 


Eh U 




< >i 


< >, 


EH EH 


EH EH 


o a 


EH <1> 


CD M 


Eh iH 


EH EH 


< H 


U (0 


CD D o 


U H 


EH <u r- 


O < 




rtj H 


< 3 


EH (d 


EH 0) 


CD > 


O .J 


Eh (0 m 


res: CO 


u H m 


3 >i 


o < 


< h) 


Eh M 


CD 0 




U M 


•< EH 


U 04 


Eh C 


Eh (0 




U H 


< < 


O < 



o 

eg 

Eh M O 
Eh to 

CD M 

o u 

U 0) 
Eh to 

O H 
O O 

U CD 
EH to 

O (U in 
Eh x: 00 

EH 04 

U Cn 
O M 

o «: 

EH M 
U 0) 
Eh to 

Eh O 
U M 

O 04 

O H 
CD > 

< >iO 

O H CO 
CD CD 

Eh M 
U 0) 
Eh CO 



CD H 
EH (d 
CD > 




>i 

EH 



.■■pva'titiite: RHEET 



wo 92/09690 



PCr/US91/09133 



12/20 



£2 







00 












in 




o 








CO 












n 




n 




CO 












O 


o 


EH 




u 




o 


O 


Eh 


rH in 


U 


u 






Eh 


H 






Eh 


10 in 


O 






EH 


<< 


H 


o 


cu 


CD 


> iH 


O 


c 


EH 


u in 




S» 


o 




EH 


u 


rtj 


H 


< 


>ir-l 




H 


E^ 




U 


0) 


U 


CD 




EH H 


o 


CD 


H 




EH 


CO 






EH 


(0 


o 


H 




0) o 


U 


(0 


EH 


<D 


>< 


•H 


EH 


(0 


EH 


H 'J* 


U 


H 


U 




0 




o 


> 


<: 


H iH 


CD 


< 




H O 


< 


c 


CD 




u 


0) 


H 


M 


O 


0) o 


< 


H 






H 








•< 


to iH 


U 


C!) 




»^ 


EH 


04 


< 


EH 


U 








o 


M lO 


U 


H 




>1 




0) 




H 


u 


.C CM 


EH 






H 


< 


CO 


u 


o 




EH 1-i 


CD 


> 




CD 


o 


0) 


Eh 


CO 


EH 


>1 


EH 


M 


EH 


M 0 


E-t 


H 


o 


>i 


O 


H 


O 


<D 




0 m 


•< 


H 


EH 


U 


O 


CD 


EH 


CO 


EH 


CO iH 


O 


M 


U 


u o 


o 


d 




O 






o 




< 




s 


H 




M 






< 


H 


H 


H tH 




CD 




0« 






o 








g 


>i 


g 


(0 m 


CD 




H 


(U 




>1 




H 




H CO 


EH 


0) 


o 




EH 


EH 


CD 


CD 


CD 


< rH 


EH 




EH 


M to 




U 


u 


<D 


EH 


(d 


CD 


c 


O 




O 




EH 




O 






H 




EH 


< 


EH 


EH 


Oi 


C5 




U 


CD 


U 


Q) 


< 


(0 


CD 


M O 


CD 




CD 










H 




Xi CVJ 


EH 






H 


EH 




o 




< 


EH H 


CD 




g 


CD 




a 


o 


(1> 


U 


O 


EH 


M 


EH 


a in 






EH 




U 


M 




4:: 




CO 'S' 


§ 


< 


EH 




U 


Oi 




EH 


g 


< rH 


O 


u 


O 


am 


EH 


0 


g 




EH 


U 


O 






(0 o 


U 








U 


0) 


< 


E-» 


g 




U 


Cm 


U 


< 


Eh 


CO 


o 








EH 


M 




(0 0 


g 


0 








H 












u 


o 






o 




E^ 






0 


04 



CO 



o 0 

EH J3 

EH 04 

EH C o 

lejj CO vo 

< < rH 

CD 3 

EH O 



CD 
Eh 



CJ 
CD 



3 
0) 



U Hi 



CO 

>1 



EH CJ 

O H 

EH «d 

O > 



in 
o 



Eh >iO 

CD H 00 

CD CD rH 

CD U 

U 0) 

EH CO 

O CD 

U 3 

EH <D 



O 
U 
CD 

Eh 



(0 



c m 

< r^ 

a 

CD •< 

CD H 
EH <d 
O > 

CD CO 

CD a 

CD M 

EH EH 

CD C o 
CD rH 

EH <d 

CD > 



SUBSTITUTE SHEET 

ICA/CO 



♦ - wo 92/09690 



PCr/LlS9l/09133 



13/20 



o 



S2 



CM 
00 

in 

U u 

O O 

ft: CO 

u a 

O < 

o « 

U M 

O 0) 

ai CO 
CO <7t 

O < r-i 

o c 



i 

o 

EH 

o 



o 

M 
H 



Eh M to 

< (0 H 

O O 

O C 

< H 
O O 

a M 

u a) 

EH CO 



CM 



(0 



8 



O 0) 

ri! CO 

u n 

< >1 

Eh E-i 



o 

u 
u 

E-I 
O 

3 



as 



Si a\ 



w o 


f \ 










vj 




E-I CsJ 


% 






H 






\D 




E-I 








E-I 




EH 








< 




F \ 


ij 


f \ 


H 


f n 


Q; 




O 


!< 


CO 


O 


CO 




CO o 


CD 


>1 






CD 


u 




CM 










O 


rd 


< 


( , 

H 


u 


H 




A 


o 


















M lO 


u 


H 


EH 


>irH 


EH 




U 


E-I 


o 




EH 








U 


H 


u 


O 


U 




o 


u 






u 


cu 


EH 


CO 


o 




s 


>t 


o 


0) 


EH 




EH 


CO 


U 








O 


TO 




M lO 




•H 




0) CM 


1 


33 




CO M 




TO 


o 


P 


H TO r- 






Q) 


O >iro 




u 


Hi 


EH O CM 


3 o 




>i 






§ 


H 




O CM 




O 


S O 


M 


o 


c: 




>i 






O H CO 


EH 


o 




O O CM 




EH 


TO 


CD &> 


TO 




•H 


O M 


< 


s 


S 





CO 
CM 
00 

o o 

Eh CO 

< (fl 
U H 
O < 

EH 3 
EH 0) 

Eh 3 in 
EH © ^ 
O 1^ CM 

Eh <U 
EH £ 
EH CU 

< rO 
U H 
CD < 

O 0) 
EH H 
i< H 

Eh C 

^2 

CD TO O 

< 

•< »^ CM 




EH 
EH 
H 
H 



SUBSTITUTE SHEET 

ir A /cn 



wo 92/0M90 PCr/US91/09l33 



14/20 



£2 
li. 







in 




o 




CO 


cr> 




O P 


<: O 


U 0) 




U M 


H 43 


CD CD 


U (U 


EH CU 


H (0 o 


CD C 


U >i 


U H VD 


< H 


CD H 


O < (M 


CD 


CD CD 


O M 


CD H 


EH M in 


< >i 


Eh eo 




H H 


CD > 


Eh CO CM 


CD (0 


CD 3 


EH (0 




H a> 


O H 


CD < 


O »J 


CD < 


O C 


O >iO 


ai CO 


it n 


CD H 


O H 


< < 


CD CD CM 


CD < 




EH >1 


Eh to 


U £ 


CD H 


CD >i 


< H 


CD CD 


EH t> 


E-i «o m 


U >i 


O M 


U H lO 


O H 




CD rtj csj 


CD O 


H CO 


Eh <D 


EH M 


O D o 


H H 


U (U 


H 0) 00 


< H 


Eh CO 


Eh CN 


H M 


O 3 


EH tJ^ 


U 0) 


<: H 


CD U 


H CO 


CD CD 


O < 


Eh (D 


CD H in 


O 0 


H £ 


EH (d <x> 


&^ 0) 


H a« 


CD > CM 


CJ 


EH H 


O D 


< U 


EH (0 


EH (U 


U 0) 


CD > 


U *^ 


H CO 


U <D o 


CD G 


U >i 


EH 43 in 




CD H 


H Di eg 


S CD 


CD CD 


CD +J 


EH H 


CD >iin 


EH 0 


EH (0 


CD H 


< S 


CD > 


CD CD cvj 





ro 






CD 


o 


cri 








U H O 


U M 


CD < 00 


U 04 




H 




l< >1 


u o 


Eh Eh 


H cn 


r ■ gt\ 

H u; 




Eh rH 


U < 


< H 






EH (0 


CD M rH 


o > 


< ro 


w tu 




CD M 


CJ H 


EH E^ 


o < 


O w in 


EH H 


it -ri 0\ 


H nj 


u a CM 


CD > 


< 0) 


CD a 


H H 


O M 


< H 


H H 


EH M 


It ^ 


< >i 


< H 


EH EH 


CD CD 


U u 


O 3 m 


U 43 


Eh 0) o 


rt: EH 


O ro 


q a 


U >i 




CD H 


CD < 


CD CD 


it m G 


CD to 


< >1C3^ 




< 1^ CM 


%^ 


EH 0) 


Eh >, 


Eh H 


CD H 


< H 


CD CD 



O 



U >i 
CD H 
CD CD 



CD 



m in 

>lCM 



U rH 

EH (0 

CD > 

CJ M 

O 0) 

leC CO 

H a 

< CO 

CD <; 



CJ <o 

H 



Eh M O 
< >iCM 
H EH PO 



CD 

EH 



0> 
M 

Ei 



EH M 

EH Eh 

EH >1 

CD H 

CD CD 



c in 
w H 
< ro 



rH 

o 

rH 



CD < 

<: EH 
o c 




U M to 

CJ 0) CO 

Eh CO CO 

< M 

< Eh 

u a 

< to 
CD < 



(3 

0} 

< 



CD O 

O 04 



CD M 
U 43 



C^ 
CD 

U 
CD 
< 

i-i 

EH 

U 

u 

H 

EH 
EH 

CD 
O 



H 

M 
0) 
CO 

0) O 
H CO 
H CO 

43 
EH 



0) 
Oi 



SUBSTITUTE SHEET 



wo 92/09690 



PCr/US91/09133 



15/20 



UJ 



C2 
u. 



o 



U H 

o < 

Eh M 
O Xi 

u ao 

< CO lO 

O < <o 
O 3 

o o 

EH <d 

O < 
Eh 

O M 

U < 

CD 3 



M lO 

<J CO r> 



3 

Eh 

U ID 



c 

CO 



o 

fH 



Hi 



Eh M LO 
< >iVD 
t« EH CO 

U 0) 
Eh ^ 

U >t 
O H 



g 

CD 
CD 



0} 



CJ H O 
Eh Eh "TO 



CD CD 

CD H VO 

CD a ro 

8& 

H EH 

< d» 

CD M 

< < 

H M 

U O 

Eh CO 

Eh CO 

CD >i 

H O 

Eh M in 

EH EH n 

EH M 

< >i 

EH EH 

U H 

EH 10 

CD > 



00 
H 
CM 



EH m 

CD > 



u 

EH 

CD 



x: 

tH 



(0 
> 



CD :3 m 
EH 0) 

U CO 



O 
U 



u 

jC 
EH 



< >1 

CD H 

CD CD 

U CD 

EH >i 

8 O 

CD 0.0 

Eh Eh ro 



O 

EH 

U 

g 

CD 

EH 

< 

EH 



U 
>1 

EH 

a 

0) 

< 
H 



r- 

CM 



O P 
EH 0) 

O O o 
u a« CO 

U 0) 
EH 43 

EH 04 

O H 
EH Id 
CD > 

CD M 
O <D 
Eh CO 

o 

U M 

u >iin 

O H 00 
CD CD CO 

CD to 

3^ 

U U 

< EH 

O M 
U (P 
Eh CO 

O (d 
U H 
CD < 

CD M o 
O Q) 00 
BH to PO 

O U 
U <U 
EH CO 



CM 



u <0 
U H 
CD < 



CD 
U 
CD 



u r 

<«: EH 

y >' 

CD H 

CD CD 

O >iO 

CD H o 

CD CD ^ 

EH M 

O Q) 

fr* CO 

O W 

O X3 

U H 

O (1) 

i< CO 

CD W 

3^ 

c> n lo 

O 0) crt 

Eh CO CO 

U M 

O 0) 

Eh CO 

U O 

U U 

U (h 

fH (d 

CD < 



in 

CO 
CO 
«H 

CD H 
EH nj 
O > 

CD O 
U U 
U CM 

3 in 

CD CD ^ 

U O 
U M 
O 0< 

O 0) 
EH 45 

EH 04 

U M 
< >i 

EH EH 

o a 

kC CO 
CD < 



CD ro o 



u 

EH 

CD 



(d 
> 



CD 3 

H d) 

O Hi 

u ro 

CD >i 

H O 

U >i 

8 O 



CO 



CD 
H 
CD 



H O 

(d CO 
> ^ 



U >i 

CD H 

CD CD 

a u 

CD 0) 

kC CO 



CD 
H 
U 

O 

u 

CD 



M 

x: 

EH 

3 

(d in 

H CM 



8 



_ H 
CD O 



< M 

O 0) 

EH CO 

U CJ 

CD a 

CD M 

EH Eh 

CD H O 

O 0) CM 

Eh CO 



CD 
EH 



3 m 

Q) o 



CD 

EH 

CD 

CD 
O 
< 



<d 
> 

M 

x: 

Eh 



SUBSTITUTE SHEET 



wo 92/09690 



PCr/US91/09l33 



16/20 




CO 






H 




o 










in 








CO 




u> 














in 




in 




tH 


rH 




fH 




H 




rH 




U M 


O 




u 


O 


EH 


u 


E^ 


M in 


< >1 


EH 


(U 


O 


u 


u 


(U 


< 




H Eh 










Eh 


CO 


EH 


Eh ^ 


U 3 


U 


M in 


CD 






CO 




P 


EH 0) 




<D m 




>1 




>1 




H 




S 






J 






CD 


< >i 


U 






CO 


u 


O o 


EH 


W 




O 


0) 




•H 


u 


M 00 


CD 


>i 






rn 


g 




M 




k ' 


rj 


< M o 


EH 


M 


EH 


C2 


CD 




H 


H 


U <D ^ 


U 


0) 




10 


g 


H 


EH 


(0 


Eh CO ^ 




CO 




fit! 




CD 


CD 


> 


u n 


u 


o 




H m 




H 


U 


0) 


O Q) 


o 


M 






EH 








Eh CO 


rj 




CD 




CD 


> 


Eh 




a c 


O 


H 


CJ 






(0 


U 


0 o 




Eh 


CO 




(0 






U 


M CTk 




w 


•> 












Aj ^ 




Eh 


}^ o 


o 


CO 


CD 


CO 


CD 


>, 


H 0) 


U 


in 


CD 








O 


H 


O h3 




Eh 


EH 


u 






CD 


CD 


U H 


o 


H 


O 


0) 




am 


g 


M 


Eh (0 


H 




EH 


H 




CO r> 




XJ 


O > 


CD 


> 


< 


H 


CD 






EH 


Eh (0 m 


CD 


H 




M 


CD 


H 




CO 


U H CO 




rO 


< 


>i 


E^ 






•H 


O rtj -sr 


CD 


> 


EH 


EH 


CD 


> 


s 




O 0 


U 


M 


U 


U O 




CO 


H 


M 


O M 


CD 


0) 


U 






& 


O 


X! 


U (h 


< 


CO 


< 


EH ^ 






<: 


H 


O <D 


O 


M 


CD 


C 








CO m 




O 


0) 


< 


H 


u 






>lQO 


Eh CU 


< 


CO 


O 


CD 


< 


H 






U M 


o 


3 in 


u 


M 


u 




u 


a 




EH 




o 


x: 




CO 


s 


CO 


< H 


U 






EH 








< 


U w 


U 


M 


u 


>i 


u 


U O 


EH 


m 




u 


0 


CD 


H 


CD 


0) r> 


CD 


>i 


o a 


EH 


CO 


CD 


CD 


< 


CO ^ 


EH 


O 



5 

o 



00 
O 



EH 

s 

u 

CD 

Eh 
O 

EH o m 

CJ M O 

o CM m 

U CD 

Eh O 
U U 
O CU 

CD 3 

E^ 0) 
U 

u a 

f< CO 
CD < 

E-i M o 
O 4) O 
Eh CO in 

CD M 
U 0) 
EH CO 

U O 

O >i 
CD H 
CD CD 

35 

U CD 



EH M 
O 0) 
Eh CO 

U !>iO 
CD H CM 
(D CD m 

O >i 
CD ^ 
CD O 

^ 

CD H 
CD CD 

EH U 
O Q> 
Eh CO 

EH >, 
CD H 
CD O 

EH >iin 

CD H H 
CD CD in 

EH >i 

CD H 
CD CD 

EH U 
O 0) 
Eh CO 

y >^ 
CD H 

CD CD 

U >i 
CD H 
CD O 

C) >iO 
O H tH 

CD CD in 

EH (0 
O H 

o 



SUBSTITUTE SHEET 
ISA/EP 



wo 92/09690 PCT/US91/09133 



17/20 



U >i 

O H 

O O 



s 



CD O 



H 
O 
Eh 



M 
0) 
CO 



O H CO 
O O in 

y >i 

o o 
H >1 
o o 

O 3 
< H 
CD O 

EH M 
U O 
Eh CO 

O H (NJ 

O CD in 



■ H 
CD 



8 



CD H 
CD CD 

CD 3 
< H 
CD CD 



in 

H 

U M 

U 0) 

Eh CO 



Eh >, 
H 
CD 



8 



Eh M m 
Eh CO m 

CD ^ 

CD H 
CD CD 

^ii >^ 

CD H 
CD CD 

O U 
U Q> 
Eh CO 

Eh >iO 
O H 'J' 
CD CD in 

8^ 

CD CD 

>^ 

O H 

CD CD 

CD 3 
< H 
CD CD 

EH U 
O <1> 
&H CO 

O >iin 
CD H PO 
CD CD m 



in 

C 



CD W o 

EH 

8 < 

CD 4-> m 

Eh (1) in 

< s in 



Id 

H 



CD oo 



3 
H 
CD CD 

EH M 

< >i 

EH EH 

EH a 
i< 0) 
O < 

EH 0) O 
EH J5 m 
EH 04 m 



EH 



0} 



CD rt; 

CD H 
CD CD 



CO 
o 

CO 



CD C 

< H 
U CD 

< 3 
EH 0) 

U 

O Id 

U H 

CD < 

U C O 

< < m 

o o 

Eh Q, 

CD < 

U 10 
U H 
CD < 

3 m 
CD CD m 

U M 
O J3 

CD +J 
Eh 0) 






rH 


o 




CO 




CD 


CO 






H 


tH 




U M 


Eh (U 


CO 


O O 


U iH 


O < 


Eh CO 




Eh M to 


Eh H 


EH 0) 


U ^ 00 


Eh <d 


Eh x; 


< H LO 


CD > 


Eh CU 


EH fd 


u a 


EH 




l< CO 


rtj CO rH 


O 


CD < 


CD vo 


O H 


Eh >i 




CH (0 


CD H 


CD H 


O > 


O O 


CD CD 


H Jh 


Eh Q) m 


EH U 




H H 0> 




EH W 


< H IT) 


< Eh 


Eh a 


U Q) 


H nj 


CO 


Eh ^ 


O H 




Eh Qj 


CD 


Eh 3 O 


Eh >i 


Eh >i 


Eh 0) GO 


CD H 


O H 


O IT) 


CD CD 


CD CD 


fc£ CO 


EH a 


Eh C in 




< CO 


rtj W O 




CD rtj 


< < 




O 0) 


EH >, 




EH H 


CD H 


CD CD 


<; H 


CD CD 


(0 


Eh (0 O 


EH C 


< >i 


U H cr> 


ict; 00 




CD < in 


< < 


H Id 


EH Id 


Eh (d 


O H 


O H 




CD < 


CD < 


CD rtj 


c^ a»n 


,^ >• 


Eh S 




0 H 


Eh 0) 


3 < lo 


CD CD 


O 


Eh M 


CJ M 


O >iO 


O 0) 


< >i 


O rH o 


Eh CO 


EH H 


CD CD W> 



SUBSTITUTE SHEET 
iSA/US 



wo 92/09690 



PCT/US91/09133 



18/20 



S2 
li. 



H am 

rtj CO CM 

O rtl vo 

H >i 
O H 
U C? 

o a 
•4: CO 
o < 

EH >1 

U H 
O O 

U H 

C? > 

»^ C o 
H eg 
U O vo 



E-i 
O 
O 

O 

< 



u 
u 



M 
O 
CO 



H C in 

SCO rH 

a 0) 

E-I CO 

O >1 

S O 



00 

as 



H O 

O M 

O 04 

rtj 3 

E-i 0) 

EH 1^ 

EH U 

< >i 

&H EH 

•ei d in 

< H CO 
O CD ^ 

Eh 0> 

O M 

U < 

O 0) 

EH Oj 

Eh C 

EH C 

CD jj o 

Eh <D CO 

rt: S VD 

< 3 
Eh <D 

EH 

EH O 

O M 
O 

M 

O 0) 

Eh CO 



CO 

o 

CM 

EH 

EH 
EH 

U 
EH 
O 

EH 
EH 

EH 

EH 

U 



O 
O 

EH 

CD 

EH 



EH 

H 
CD 

O 
CJ 
Eh 



CO 



EH 
U 



o 

EH 

u 









in 












r- 




rH 


in 


























CM 




CM 


CM 








0) 


U 


a 




EH 


(d o 














r \ 


r-f 










< 


EH 


CD 


< vo 






H O 


H 


CO 




Eh 


0) 






(0 lO 


CD 


>1 




r 1 

EH 


4h 






> 




u 




EH 








0) 




a 


H Q) in 


O 












CO 


H ^ 
















H 04 W 




EH 






o 


EH 


0) 


O CO 


H 


M 






M 


Eh 


H 


U H 


o 


0) 






Qj 




H 






CO 


















00 






H 


M O 


H Q) 


EH 


0) 


r- 






O 






H 




t— 1 






E^ 


CO 




Eh 




CM 




(0 


EH 




O H 


< 


H to 


EH 


M CO 




H 




CH (0 


cH 


(0 QD 


r \ 

\J 


CU C7) 


o 




04 


CD > 


CD 


> VD 


EH 


CO vi5 


3 in 




p 


EH >t 


EH 


V4 


O 




rH •'3' 


i 


H 


CD rH 




>1 


*^ 




CD 




CD 


CD CD 


E^ 


EH 


CD 


o 


H 


EH 


M 


EH Cj^o 


CD 


4-> 


CD 








>i 


CD M r-« 


EH 






a- 


> 




EH 


U < VD 


< 








VI 


< 


O 


U 0) 


EH 




EH 


C in 


0) 


U 


M 


EH 43 


EH 


x: 


% 


CO cy» 


CO 


U 


04 


Eh 


Eh 


Oi 




V£> 


C 




CO in 


< 3 


U 




H 


tn 


H 




>iin 


EH a) 


O 


X! 


CD 


M 


o 






EH Hi 


< 


H 


O 


< 


o 


EH 


>i 


o d 


u 


(0 O 


CD 


3 


M 




H 


1^ CO 


CJ 


H 00 


H 


0 




8 


CD 


< < 


CD 


< VO 


O 


Hi 


3 o 


EH 


<a 


< 0) 


Eh 


H 




0) 


(I) ^ 




H 


t^ H 


EH 




EH 


H 






«! 


rtj H 


CD 






H 


M 


U 


M 


rtJ CO in 


H 


M 


O 


C 






0) 






>i 




CO 


CO 




CO 


i< hI vo 




EH 







SUBSTITUTE SHEET 
. ISAAJS 



wo 92/09690 



PCr/US9t/09133 




SUBSTITUTE SHEET 
ISA/US 



wo 92/09690 



PCr/US91/09133 



20/20 



OD 

C3 



ro 



ft ft 
• □ 



1 


1 ■ 


1*1 


■ 1 


■ 1 ■ 












a 










o 










1 1 
+1 


+1 








VO 










WW 










» II 


il 










T3 




















□ 






r ■ 








□/ 


/ 






























/ 










/ 

■ 

/ 










/ 








/ 

/ 


• 


















/• 




m 








■ 






• 


• 






1 . 


1 . 1 


1 


. 1 . 



00 



X 



e 
s 
o 



00 






daj^punog 



SUBSTITUTE SHEET 
iSA/US 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Gassification ^ : 

C12N 15/00, 15/18, C07K 13/00 
C12P 21/00 



A3 



(ll)lBteniatioDal Piiblicatlon Number: 
(43) Iitenational Publication Date: 



WO 92/09690 

II June 1992 (11.06.92) 



(21) Interoational Application Number: PCT/US9 1/09 133 

(22) Inteniational Filing Date : 3 December 1 99 1 (03 J 2.9 1 ) 



(30) Priority data: 

621.667 
683,400 
715,300 
743,614 



3 December 1990 (03. 12.90) US 

10 April 1991(10.04.91) US 

14 June 1991 (14.06.91) US 

8 August 1991 (08.08.91) US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



743. ,6 1 4 (C IP) 
8 August 1991 (08.08.91) 



(71) Applicant {for all designated Stales except US): GENEN- 

TECH, INC. f US/US]; 460 Point San Bruno Boulevard, 
South San Francisco, CA 94080 (US). 

(72) Inventors ; and 

(75) Inventors/ Applicants (for US only) : GARRARD, Lisa, J. 
[US/US]; 44 North San Mateo Drive. #10. San Mateo, 
CA 94401 (US). HENNER. Dennis. J. [US/US]; 297 
Angclita Avenue, Pacifica, CA 94044 (US). BASS, Ste- 
ven {US/USj; 1355 Sierra Street, Redwood City, CA 
94061 (US). GREENE. Roland (US/US]; 1014 Nor- 
wood Avenue, Durham, NC 27707 (US). LOWMAN. 
Henry. B. [US/USl; 205 Falcon Way, Hercules, CA 
94547 (US). WELLS, James, A. (US/USl; 1341 Colum- 
bus Avenue. Burlingame, CA 94010 (US). MATTHEWS, 
David. J. lUS/US]; 1527 Noriega Street, San Francisco. 
CA 94122 (US). 



(74) Agents: BENSON, Robert, H. et al.; Genentech. Inc., 460 
Point San Bruno Boulevard, South San Francisco, CA 
94080 (US). 

(81) Designated States: AT (European patent), BE (European 
patent), CA, CH (European patent), DE (European pa- 
tent), DK (European patent), ES (European patent). FR 
(European patent), GB (European patent), GR (Euro« 
pean patent), IT (European patent), JP, LU (European 
patent), MC (European patent), NL (European patent), 
SE (European patent), US. 



With iniernoiiotud search report. 

Before the expirauon of the time limit for amending the 
claims and to be npttbUshed in the evetu of the receipt of 
amendmenis, 

(88) Date of publication of the International search report: 

10 December 1992 (10.12.92) 



(54) Title: ENRICHMENT METHOD FOR VARIANT PROTEINS WITH ALTERED BINDING PROPERTIES 



(57) Abstract 

A method for selecting novel proteins such as growth 
hormone and antibody fragment variants having altered bind- 
ing properties for their respective receptor molecules is pro- 
vided. The method comprises fusing a gene encoding a protein 
of interest to the carboxy terminal domain of the gene III coat 
protein of the filamentous phage M13. The gene fusion is mu- 
tated to form a library of struaurally related fusion proteins 
that are expressed in low quantity on the surface of a phagem- 
id panicle. Biological selection and screening are employed to 
identify novel ligands useful as drug candidates. Disclosed are 
preferred phagemid expression vectors and seleaed human 
growth hormone variants. 



|M13flene HI (198-410)H — 




Phagemid particles 



BindinQ ^nrkshmont 



Enriched pool 



FOK THE PURPOSES OF INtORMATiON ONLY 

CiHlcs usicd lo ulcntify Staltb pai iy lo ihc PCI on I he fiont pages of pamphlets publishing iniernalional 
applications umlei the PCI*. 



Al 




Kl 


I'lnlu'ui 


Ml 


Mali 


AIJ 


Aiolriil'ut 


KM 


h'laiiLC 


MN 




BB 




r.A 




MK 


Maiirilania 


BE 




GB 


liintcil Kingduiii 


MW 




BK 


BurkiDa h^sti 


GN 


U4iiiic;i 


Nl. 


NLlliurlanJst 


BU 


Uul^ariu 


CR 




N<> 


Norw»u> 


BJ 


Benin 


HU 




PI. 


PuUnJ 


BH 


Bru/il 


IE 


Ireland 


RO 


Kumdiiia 


C'A 


i 'iinuilu 


IT 


iKily 


RU 


Kuk>iun K-Jciuliun 


c:f 


Cciilral Alriiaii Kv|iuhlit: 


JP 




SD 


SuJun 






HP 


OciiiiMiruik Pk-u|)k'5 Kcpublii; 


SE 


Swulvn 


CM 


Sw^iUciUiiiiJ 




of Kurca 


SN 


Sviicgjil 


i:i 


( '6tc J'lvoiiv 


Kk 


Hcpuhlic ut korvu 


SU 


Soviet Uniun 


CM 


( 'anivruiiii 


LI 


l.icililt-n»lL'in 


TD 




cs 


( -/vvliusluvtikid 


Lk 




TC 


1'ugu 


UK 


(ivrniuny 


LU 


l.tuciiilwurg 


US 


UniuuJ Slulu of Amvricii 


OK 


IKniiiafk 


MC 


Muitacf» 






ES 


S|)4jiii 


M<; 









INTERNATIONAL SEARCH REPORT 



iMtnMioiiml Appllcalt 0 pcT/US 91/09133 



1 1. CLASSUFICATION OF SUBJECT MATTER (If »«v«ral dassKication fymbois apply, indicait all)* 


Accoraifig to lotenuiional Patcai ClasiifleaiiOB (IPO or to both Natiooal Classincation aod IPC ^ „ , ^ 

Int. CI. 5 C 12 N 15/00 C 12 N 15/18 C 07 K 13/00 
1 C 12 P 21/00 


1 U. FIELDS SEARCHED 


1 Mioimun DocumntatioB Searched^ 


1 Clauiflaiioo System 


aasslflcatioa Synbols 


Int. CI 


.5 


C 07 K C 12 N 


1 DocBB«MailoB Scaichod otbtr than MitUmuDi Documcatatioa 
1 to tha Exicat that such Docnmcsts ara InduM ia tha Fialis Saarchad* 




1 in. DOCUMENTS CONSIDERED TO BE RELEVANT* 




|Cat««ory<' 


OtatiOB of Doeamat, " uttk Micttloa. whm tpprepritte, of tbc r«l«vtQt pusa««s 


BataMBtttCtaiaNcU 


X 

X 
Y 


WO. A, 9002809 (PROTEIN ENGINEERING 
CORPORATION, USA) 22 March 1990, see page 8, 
lines 26-32; page 9, lines 24-35; pages 10-32; 
page 33, lines 1-17; page 42, lines 15-33; pages 
43-121; example 1 


1-6.10, 

12,23, 

25-30, 

32-38, 

41-43, 

45, 

51-52 

7-9,11, 

27-29, 

31,44 


Y 


Science,. volume 247. 23 March 1990; B.C. 
Cunningham et al.: "Engineering human prolactin 
to bind tovthe human growth hormone receptor", 
pages 1461-1465. see the whole article (cited In 
the application) ^ 


7-9,11, 

27-29. 

31,44 


1 o c~i^ <»iMiivtet Of Chad docraasts : ^ T' latar doamaai pubUshad aftar Tba (Diaraattooal fillM data 
1 Spadal cuatortas of cnaa aocaoMsu . ^ ^^^^ ^ ^^^^ apallcatloa bttt 

1 'A' docttBMM daflBlBf iba ttaaral itaia of tba an wbteb U not i, aadMafid tba prtadpla or tbaory oBdartyiof tha 
1 eoosMarad to ba of partioilar ralavaaoa lavafliioa 

1 TT taritor docamant bat pubUtbad 08 or tftar tba lataraatfoaal 0^ docamaai of partkalar rdavaaoa; tba daiaad iavasctOD 
1 fillac data caanot bo ooosidaiod loval or caanot ba coMidarad to 
I 1/ doca»aat wbidi may throw doobtf 00 priofiiy ctoirnW or lovolva ao invaathra nap 

1 which li dtad to anablUb tba pobllcatioo data of aaoibar ^ docasaot of parttenlar ratevaaei; tba dalmad lavaatioa 
1 dtaiioa or otbar spadal raasoa (as spadflad) caoaot b« ooasidarad to lavolva aa lavaotiva siap wbca tha 

1 ^ docaaaat poblisbad prior to tha iaiaraatioaal fUiBg data hot Jj" 

1 Utartbaa tha priori^ data daimad 'A* docamaat naabar of tha mm pataat femily 


1 rV. CERTIFICATION 


1 Data of th4 


1 Aciaai Conplaiioa of tba lataraaiiooaJ Saarch 

10-04-1992 


26. m92 


1 iDiaraaiioaal Saarchinf Authority 


Signaian of Awlncbid OfHew 






EUROPEAN PATENT OFnCE 


S.A. NAUCHE 





Tmv FCTOSAaiO iMCMd fkMil iJaMvy 19051 



iBtmatioBal Appllc i No PCT/US 91/09133 



1 in DOCUMENTS CONSIDERED TO BE RELEVANT (CONTLNUED FROM THE SECOND SHEET) 






CitttiOD 9l DocuDCflt, with IndlcfttioD, wh«ft tppropriate, of tb« rdmM pastaces 




Y 


WO,A, 9004788 (GENENTECH. USA) 3 May 
1990, see the claims 




7-9,11, 

27-29, 

31,44 


A 


Protein Engineering, editors D.L. Oxender et al.; 
Alan R. Liss Inc., 1987, (New York. US) W.J. 
Rutter et al.: "Redesigning proteins via genetic 
engineering", pages 257-267, see the whole 
article 







PM rcrnSA/atO ivdn ttmu iimmn tMS> 



INTERNATIONAL SEARCH REPORT 


'"ttnutionsl appUcsiion No. 

PCT/US91/09133 


Box i Obsmadoiw where certua dums were iMiad wuearciiaUc (Continuation of item 1 of first sheet) 



Thil inccrnational search report has not been established in respect of certain dauns under Article 17(2Xa) for the following reasons: 
I I aaims Not.: 

bceaust ihey relate to tubjca matter not required to be searched by this Authority, namely: 



I I Claims Nos.: 

because they relate to paru of the international application that do not comply with the prescribed requiremenu to such 
an extent that no meaningful international search can be carried out, tpeciflcaUy: 



Claims Nos.: 

because they arc depe nd ent claims and arc not drafted in aoeordanoe with the scoond and diird sentences of Rule 6.4(a). 



Box II Obscrvadooa where unhy of invention ia Iftcking (ContimialioD of Hon 2 of firat ahcel) 



This International Searching Authority found multiple inventions in this inteniationai application, as follows: 

see PCT/ISA/206 dated 26.05.92 



. I I As ail required additional search fees were timely paid by the applicant, this Imcmational search report covers all 
searchabte claims. 

2. I 1 As all searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment 
of any additional Pee. 



3. Fj Ai only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those daims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timdy paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the daims; it is covered by daims Nos.: 

1-23. 25-38. 41-46. 51. 52 



I PMBOt The additional search fees were accompanied by the applicant's protest 

[ [ No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (I)) (July 1992) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. uS 9109133 

SA 55202 



rVm •iwM iBts dN Mtm fuHiy BCBkcn rdalMS M Ike pattM it twmwa eM b ike ak>»> ae i itae* iotewMwMl aearck nfun. 
The Mcabcfs arc as cMuained ia Iki Eurofcan Patm Office EDP file ea 01/09/92 

Tke EmnffB Paieat Offiet ■ is m way liaUc fer Ikcw fUktlm wkick arc wrely giveB for ike porvece tl iaforaaiioB. 




WO-A- 


9002809 


22-03-90 


AU-A- 
EP-A- 
JP-T- 


4308689 
0436597 
4502700 


02-04-90 
17-07-91 
21-05-92 


WO-A- 


9004788 


03-05-90 


CA-A- 
EP-A- 
JP-T- 


2001774 
0397834 
4502454 


28-04-90 
22-11-90 
07-05-92 



Hr Mf« icuate akMi tfek hmcx : see Officiia Jtnal dw CMfcu Patnt Office, N«. 12/82 



